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REGIONAL ANATOMY.

REGION AL ANATO M Y
IN ITS RELATION TO
MEDICINE AND SURGERY.
THE REGION OF THE HEAD.
The surface-form of th e hea d is always pronounced, because the
prominences and depressions, or landrnarks (Plate 1), of the skull are
slightly masked by the overlying soft structures.
The thickness of the skull-cap varies greatly, and can only be con-
jectured from external .appearances. The average thickness is five milli-
metres, or one-fifth of an inch; the thickest parts are in the basilar
portions, which are originally developed in cartilage, whereas the bones
composing the vault 'are formed in membrane. In no other part of the
skeleton is the combination of strength and lightness so beautifully
adapted to its purposes as in the cranium.
The contour of the head itself tends to, avert the effect of external
violence received at any. point, and the natural eminences and processes
occur where protection to the brain is most needed, while in those par ts
where it is less needed the bones are thin and light, so as to serve as
a covering with but little extra weight .
The hollows or sinuses of the cranial bones are rudimentary at birth,
and remain of small size up to about the ninth year, after which they
gradually increase until puberty, when they undergo great enlargement.
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The bones of the cranium are the fron tal, two parietal, occipi tal,
two temporal, sphenoid, and ethmoid. They are immovably connected
in the adult at their edges by the sutures, which vary in character
according to their position and adaptation, The fron tal bone is originally
developed in two portions, which become joined by the frontal suture
shontly after birth, This suture usually closes rapidly, so that it is
obliterated between the second and sixth years, but occasionally it may
persist to the end of a long life. Continued backward approximately
in the middl e line from the root of the nose and ' along the course of
the frontal suture to the occipital bone is the inierparietal or sagittal
suture, by which the two parietal bones are dovetailed together, The
'parietal bones are connected with the frontal bone by the coronal
suture , and with the occipital by the lambdoid suture. The coronal
suture is more deeply indented laterally than above, and the lambdoid
is remarkable for the tortuous course of its deep dentations. The j unc-
tion of the coronal and sagittal sutures, the bregma, may be ascertained
on the living head by drawing upward from the external audi tory
openings two lines, which will meet over thi s point on the top of the
head when it is held in the erect position.
The point of junction of the lambdoid and sagittal sutures, the
lambda, is in the middle line, one-third of the distance from the
external occipital protuberance to the bregma. The lambdoid suture
may be represented by a line drawn from the lambda to the apex of
the mastoid process on each side. The coronal suture corresponds to
a line drawn from the bregma to the middle of the zygomatic arch.
The point where the anterior inferior angle of the parietal bone is
joined to the gr eat wing of the sphenoid bone is the pterion, and is
three centimetres, or about an inch and a quarter, behind the external
angular process of the orbit. At the sides, the arch es of the skull are
maintained by the thin scaly margins of the temporal bones overlapping
th e bevelled lower edges of the parietal bones, forming the squamous
sutures. The top of each squamous suture is five centim etres, or about
two inches, above the zygoma in the adult head.
The dentate sutures are formed by serrations mainly from the outer
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table of the bones of the vertex interlocking. They gradually dis-
appear after the forti eth year, the cranial bones becoming fused together
in old age (synosteosis) , when they, like th e rest of the skeleton, become
more porous and brittle and are in consequence more readily fractured.
'Fhe closure of the cranial sutures usually begins on the inside of
the vault, but there is great variability as to the time and order III
which it takes place.
The age of an individual cannot be determined from the state of
the cranial sutures. They sometimes disappear at an early age. The
author has several specimens where not a sign of the coronal, sagittal,
or lambdoid sutures remains at the ages of thirty-three and thirty-seven
years.
At birth all the tabular bones are soft and yielding and capable of
overlapping one another, thereby facilitating the delivery of the head of
the child. In the subsequent growth of the bones the compact layers
are produced, forming the outer and inner tables, with an intervening
cancellated structure, the diploe. In old persons the diploe is often
absorbed, so that the skull in some places becomes very thin, and it
should be borne in mind that the plane of the inner table is not always
equidistant from that of the outer, a matter of no little moment in
applying the trephine.
The limiting membranes of the vertex bones are united at the lines
of the sutures, and until ossification is completed there are interspaces
at the angles of the parietal bones, known as the fontanelles. These
usually close in shortly after birth, with the exception of the anterior
fontan elle, which occupies the bregma and does not disappear until the
end of th e second year. Until this is completely closed by ossific
matter, there is a depression in this locality, through which there is a
regular pulsation perceptible, due to the action of th e art eries of the
brain. Persistence of the anterior fontanelle is generally indicative of
hydrocephalus.
Occasionally congenital fissures occur before the normal approxima-
tion of the skull bones is completed. They most commonly occupy the
occipital region, and when they persist in th e position of the lambdoid
PLATE 1.
Th e landmarks of th e skeleton of th e regi ons of th e head, face, an d neck , on the right side , wit h thcir relations to
the surface coveri ngs.
1. The point of juncti on of the coronal and sagittal su-
tures (Ihe bregma) .
2. The temporal ridge, for th e tem poral fascia.
3. Th e parietal foramen (Ihe obelion).
4. The pa rie tal emine nce .
5. Th e sq ua mo us suture.
6. The point of junction of the lambdoid and sagittal su-
tures (lhe lambda ).
7. Th c great win g of the sphe noid bon e (the pterion).
8. The external auditor)' meat us.
9. Th e mastoid foram en (Ihe a81erion).
10. The external occipital protuberance (the inion).
11. Th e mas toid process of th e tem poral bone.
12. The spine of the seco nd cervical ver teb ra .
13. Th c sp ine of th e fifth cerv ical vert ebra.
14. Th c transverse pr ocess of th e six th eerv lcal vertebra,
with first forame n for th e ver tebral artery,
15. Th e spine of the seventh cerv ical vertebra (the "ertelwa
praminem) .
16. Th e first rib.
17. Th e spine of th e seco nd dorsal vertebra.
18. The frontal eminence.
19. Th e ante r ior inferi or an gle of th e parietal bone.
20. The supra-orbita l foramen .
21. Th e supe rciliary rid ge «he ophryon ).
22. Th c glabella.
23. Th e external angular process.
24. Th e j unc tio n of th e fronta l and nasal bones (Ihe
nasion ).
25. Th e zygomatic a rch .
26. The in fra-o rbi ta l foram en.
27. The second upper mola r tooth .
28. The an gle of the lower jaw (the gonion ).
29. 'I'he mental foramen.
30. Th e top of the hyoid bone.
31. Th e top of the thyroid cartilage.
82. Th e cr icoi d ca rti lage.
33. Th e second ring of the t ra ch ea .
~. The ac romial end of the clavicle.
35. The acromion process of th e scapula.
36. The top of the sterntpn (Ihe manubrium).
37. The coracoid process of the scapula.
38. Th e gleu oid fossa of the sca pu la .
N. B.-This plate was taken from the skeleton of a well-developed European male, aged ab out th lrty- seven years,
-~ . --
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sutures th ey may be mistaken for fractures. In this locality also are
frequently found isolated triangular bony pieces (Wormian bones) ,
originating from accessory centres of ossification (Plate 3, Fig. 3, Nos.
4 and 13). Supernumerary bones are also often ' found in hydrocephalic
skulls.
The superciliary ridges are the prominences which support the eye-
brows. They indicate in a measure the size of the frontal sinuses
within the bone, which are first formed by absorption of the spongy
substance (diploe) at the inner angular processes of th e orbits, and
gradually spread upward and outward.
The dimensions of the frontal sinuses (Plate 12, No. 25) cannot
always be foretold by the extern al conformation of the ridges; and they
often appear to be formed by a retrocession of the inner tabl e, especially
in elderly people. They reach a greater degree of development in the
male than in the female. They are usually unsymmetrical, the larger
being on the side from which the nasal septum is bent.
The frontal sinuses connect with the anterior ethmoidal cells and the
middle meatus of the nose by a curved canal called 'the infundibulum
(page 113). Theinter vening point between the two superciliary ridges is
called the ophryon. Above the ridges are the frontal eminences (P late
2, No.4, and Plate 28, No. 35), indicating the centres of primary ossi-
fication of the original two halves of the frontal bone of infancy, and
corresponding in a measure to the development of the anterior lobes of
. the cerebral hemispheres. The glabella is the smooth area between the
superciliary ridges above the nose. Just below it is the point of
junction of the nasal bones with the frontal spine,-the nasion.
The external angular processes of the orbits are the outer limits of
the superciliary ridges. The glabella and the angular processes are
subcutaneous, the ridges being covered by the superciliary muscles and
integumenr (P late 1) . The supraorbital f oramen or notch is on the
border of th e orbital arch, just below the superciliary ridge, two and a
half centimetres, or about an inch, from the external angular process.
The temporal 1'idge, for the attachment of the temporal fascia, starts
from the external angular process and arches backward, usually mid-
6 THE REGION OF THE HEAD.
way between the squamous and sagittal sutures. The temporal muscle
is attached one centi metre, or about half an inch, below the attachment
of the temporal fascia, and sometimes a second distinct ridge is
noticeable on the cranium. The point of intersection of the upper
temp oral rid ge with the coronal suture is the stephanion.
The parietal foramina are approximately midway between the breg~a
and the external occipital protuberance. They are very near the middle
lin e, and the area of the brain-case in their locality is often flattened.
This area "is called the obelion. The parietal eminences are the points
where ossification first began in the parietal bones. They are very
noticeable, and correspond to the development of the lateral lobes of the
cerebrum.
The external occipital pro tuberance, the inion, is on a line drawn
horizontally backward from the sockets of the incisor teeth of the upper
jaw. T his process is the thickest part of the cranium, but is not always
so prominent that it can be detected through the scalp . F rom it on
each side the superior curoed. line arches outward toward the mastoid
process. The mastoid processes are hardly noticeable during childhood.
There is a continuous formation of new bone from the periosteum on
the surface between infancy and puberty, and during this per iod the
process consists of cancellous tissue which can be readily penetrated by
the . knife in mastoid disease. At puberty this cancellous tissue becomes
hollowed by absorption in to air -cells, and a larger cavity, the mastoid
antrum, all of which communicate with one another and are connected
with the ty mpanum. The antrum is separated from the cranial cavity
by only a thin roof of bone (Plate 3, Fig. 5, No. 1) . The cells vary
in size in different bodies, and on the two sides of th e same head. The
proximity of the lateral sinus renders it liable to become involved by
exten sion of inflammation in suppurative disease of the mastoid cells,
especially in the adult.
The mastoid foramen. is situated near the junction of the mastoid
portion of the temporal bone and the occipital. It is the largest of
several foramina in this locality, and tran smits a vein to the lateral
sinus, and sometimes a small artery to the dura mater.
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The petrous portions of the temporal bones are hard and dense upon
their surfaces, but, as they are hollowed within for the lodgement of the
structures composing the middle and the internal ear, they ar e liable to
fracture. The skull is . not inherently strong at its base, and although
undoubtedly fractures do occur in thi s region by transmitted force from
blows upon the vertex, yet fracture by contre-coup is not now admitted
to be so probable as it was formerly thought to be.
The discharge of cerebro-spinal fluid from the ear, which is one of
the diagnostic signs of fracture at the base of the skull , indicates that
the internal auditory meatus must have been fractured and that a commu-
nication has been established between the tympanum and the. internal ear.
Sometimes a serous discharge from the ear follows injury to the
head, where fracture has not taken place: this is due to escape of fluid
from the mastoid cells through a rupture in the tympanic membrane.
Injuries involving the base of the skull must of necessity be serious,
as in this region the cavity of . the skull is in relation with the nasal
cavity, th e orbit, the frontal sinuses, the sphenoidal sinus, the tympanic
cavity, the upper part of the pharynx, and the spinal cord. Besides
th ese ' there are the foramina which give exit to the cranial nerves
(Plate 3, Figs. 1 and 5; Plate 4, Fig. 2; Plate 5, Fig. 2; Plate 11,
Figs. 1 and 3; Plate 12; and Plate 13).
The skin covering the head, which constitutes the scalp, is peculiarl y
constructed for the growth of the hair and for protection to the vault
of the cranium. It is thicker than in any other part of the body, and
is closely connected by means of the subcutaneous tissue with the aponeu-
roses of the occipito-frontales muscles, so that it moves freely with their
contraction. This mobili ty is very noticeable in infancy. The readine s
with which the whole thickness of the scalp gives way in contused
wounds is due to the intimate connection between the sk in and the
subjacent textures.
The subcutaneous tissue here consists of a dense fibrous structure
enclosing fat lobules (Plates 9 and 12), and resembles that of the palm
of the hand . This continues with the superficial fascia over the muscles
at the back of the neck, and at the sides passes over the temporal fascia,
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The vessels, nerves, hair-bulbs, and sebaceous glands are contained within
the meshes of this subcutaneous tissue.
The scalp haire mostly diverge from the obelion. They vary in
character according to their color, length, and diameter, and the manner
in which the hair-follicles are set in the skin, being straight, wavy, curly,
or woolly, ac?ording to the straight or the curved axis of each follicle.
Fair hairs are finer and more delicate than dark hairs, and are usually
more closely set in the scalp.
T he arteries of the scalp are the terminal branches of the tem-
poral, supra-orbital, frontal, posterior auricular, and occipital. They pass
toward the vertex of the head, running in a tortuous course from their
orlgllls. The temporal artery is the continuation of the external carotid
artery after it has tunnelled through the upper part of the ' parotid gland
(P la te 18, No. 37). It is six millimetres, or a quarter of an inch, in
fron t of th e ear, and is accompanied by the temporal vein and the
auriculo-temporal nerve. It divides into the anterior and middle tem-
poral branches, which run immediately under the skin (Plate ] 7, No.1),
and may serve to indicate the pulse to the physician. The supra-
orbital arte1'y ascends with the supra-orbital nerve (Plate 18, No.1) from
the supra-orbital notch, or foramen, which is situated two and a half
centim etres, 'or about an inch, from the outer orbital angle, toward the
nose on the border of the orbital arch. The frontal artery and supra-
trochl ear nerve (Plate 19, No.1) pass upward between the supra-orbital
notch and the root of the nose.
The supra-orbital and fronta l arteries come from the ophthalmic artery
within the orbit. The posterior auricular a1'tery and the occipital (Plate
20, Nos. 45 and 50) are branches of the external carotid artery. The
former passes with the posterior auricular nerve in a groove behind the
mastoid process of the temporal bone, and the occipital artery, accompanied
by the great occipital nerve, reaches the scalp at a point midway between
the external occipital protuberance and the mastoid process. The anterior
branch of the temporal artery often becomes very tortuous in the aged,
and sometimes und ergoes calcareous degeneration.
Owing to the toughness of the scalp in which the arte ries ramify, they
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cannot be drawn out, and do not retract when divided, as th ey do else-
where, and hence incised wounds in this reg ion are frequently attended
with troublesome hemorrhage.
The veins of the sca lp are quite large, and in a measure accom-
pany the arteries, receiving similar names in their different locali ties, but
th eir course is more direct and they freely anastomose. There are two
frontal veins , which generally run parallel at the middle of the fore-
head, sometimes being very prominent in life, and are united at the root
of the nose by a transverse trunk called the nasal arch. Thence th ey
branch into the angular veins of the face, being joined by th e supra-
orbital veins. At this point th ey receive branches from the superior
ophthalmic veins and establish direct communication with the cavernous
sinuses at the base of th e brain. Sometimes there is only one temporal
vein .
The temporal uems commence by anastomosing plexuses on the top
of the head which form into anterior and posterior branches, and unite
into main trunks in close reh.ttion to the temporal arteries at the zygoma,
where th ey receive the blood from the middle temporal veins coming from
the subs tance of the temporal muscles. The posterior auricular veins
descend behind the ear, receiving the stylo-mastoid veins, and empty into
th e temporo-maxillary veins. The occipital veins follow th e course of the
occipital arteries, passing beneath the deep muscles at the back of the
neck .and terminating usually in the int ernal j ugular veins. At the
mastoid portion of the temporal bone the mastoid vein enters the occipital
or the posterior auricular, thus communicating with the lateral sinus.
This is the largest and most constant of the so-called emissary veins,
which connect the extra- and the intra-venous circulation. Besides the
inte rcommunication by the ophthalmic and angular veins and the mas-
toid and occipital veins, there are many others which are less constant,
but of equal importance when they do occur. The parietal foramina are
at th e vertex in the vicinity of the median line, where the interlockin g
of the serrated edges of the pari etal bones forms the sagittal suture, and
transmit veins from th e scalp to the longitudinal sinus. There is
generally a vein connect ing th e lateral sin us with th e deep veins at the
2 \
10 THE R E GI ON OF THE HEAD.
back of the neck through the posterior condyloid foramen, on one side or
the other; and there are many apertures at th e base of the skull through
which veins pass connecting the cavernous sinuses with the venous plex-
uses of the pharynx and th e internal jugular veins. A similar connection
exists more often than is supposed between the veins of the nasal fossre
and the front part of the longitudinal sinus through th e foramen cecum,
which in such cases is not closed. There are also minute veins which
connect the diploic veins (Plate 3, Fig. 4) within the tabul ar bones of
the skull with the veins of the scalp. The emissary veins are well
worthy the attention of the physician or surgeon, for through their
various channels inflammation often spreads from the surface to the
interior of the head, or th e reverse; as is witnessed where erysipelas of
the scalp induces meningitis, or in external abscess following injury to
a sinus by a fracture or the application of the trephine.
The lymph atic vessels of the scalp are in relation to the prin-
cipal veins. The frontal lymphatics descend from the forehead and
eyebrows, some going to the lymphatics of the face and ending in the
submaxillary lymphatic glands, while the greater numb er converge
toward the front of the ear, where they enter the lymphatic glands of the
parotid region (P late 16, No. 15). The parietal lymphatics pass to the
mastoid glands, are four or five in number, and lie about the insertion
of the sterno-mastoid muscle. The occipital lymphatics go par tly to the
sub-occipital glands in front of the occipital attachment of the trapezius
muscle, and partly to the deep cervical glands beneath the sterno-mastoid
muscle at the middle of the neck. The frontal, parietal, and occipital
lymphatic vessels all communicate with one another.
T h e nerves of the scalp have been considered in th eir relations with
th e arte ries. I t will be noticed that they also pass toward the vertex
of the head.
In front ar e the supra-orbital and supra -trochlear branches of the
oph thalmic division of the fifth crani al nerve,-the trifacial (P late 3,
Fig. 2). T hey give sensat ion to the integument over the top of the
head and forehead (P late 53, Fig. 1, N os. 1 and 13).
The supra-orbi tal nerve is often the seat of fronta l neuralgia, which
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probably depends much upon whether the nerve issues from a distinct
bony foramen or only from a notch. In the temporal region are the
filaments from the orbital branch. of the superior maxillary division, and
the auriculo-temporal nerve from the inferior maxillary division, of the
fifth nerve (Plate 19, No. 20). All of these supply sensation . The motor
nerves are derived from the temporal branches of the facial nerve, which
pass upward from among the lobules of the parotid gland to the anterior
portion of the occipito-fro ntalis, corrugator, supra-auricular, and anterior
auricular muscles. Behind are the posterior auricular branch. of the
facial nerve, giving motion to the posterior portion of the occipito-
frontalis and posterior auricular muscles, and the small and great occipital
nerves (Plate 22, Fig. 1, Nos. 3 and 8) , the former a branch of the an-
terior division and the latter a branch of the posterior division of the
, second cervical nerve. These last are the sensory nerv es to the skin over
the back of the head. The auricular brancli of the pneumogastric nerve
(Arnold's) emerges from the auricular fissure just behind the concha
of the ear, which it supplies. The nerves of the scalp communicate fre-
. quently with one another.
The cutaneous muscle of the scalp, the occipito-frontalis, con-
sists of two fleshy portions, the frontal and the occipital, united by a
broad apon eurosis, which is continuous with the aponeurosis of the
opposite muscle across the vertex and forms the galea capitis (Plate 15,
No. 1) . In bald persons th e frontal muscles often plainl y show in out-
line on the sides of the forehead.
The frontal portion is a thin layer of pale fleshy fibres extending
upward five centimetres, or about two inches, on the side of the forehead,
where it joins the aponeurosis. I n the middle line, at the nasion, the
fibres blend with those of the fellow muscle, sending a slip downward
to intersect with the pyramidal nasal muscle. The middle and outer
fibres commingle with those of the orbicular and corrugator muscles at
the eyebrows. Some of the innermost fibres are attached to the nasal
bones, some of the outer to the external angular process of the orbit
(P late 15, No.3). The occipital portion is of a darker color than the
frontal. It takes origin by a tendinous insertion on the outer par t of
PLATE 2.
Figure 1.
Skull showing topographical SUITey of the relations of the sutures and eminences to the principal fissures of the
bra in, and the approximate lower level line of the cerebrum.
1. The bregma, th e junction of the coronal and sagittal I
sut ures .
2. The superior fro nlal sulcus.
3. The posterior fronta; or veTiicalsulcus.
4. The frontal eminence.
5. The superior stepha nion, or intersection of the ridge for
th e temporal fascia with the coronal suture, in Its
relation to the inferior frontal su lcus,
6. The line Indi ca tin g th e ant erior limit of the corpus str t-
atu m.
7. The glabeUa (or ophryon ).
8. The ptmon, the ju nction of the grea t wing of the sphenoid
bone with th e frontal, pa rietal, and temporal bones,
indicating th e position of the ascending branch of
th e fissure of Sylvlus in its relation to the coronal
suture.
9. Tlu:7laSion. th e j unetlon of the nasal and frontal bones.
10. Th e external ang ula r process of the orbit.
11. The fissure of R olando.
12. The inter-parietal .,<lcus.
13. The parietal eminC1lce.
14. The souamo-porie to: suture in relation to the horizontal
bran ch of the fissu re of 8)·lvlus.
15. Th e lin e ind ica ting the posterior limit of the optic
tha lamus.
16. The UppeT temporo-sphC1lOidal sulcus.
17. The external parieto-occipital fissur« ,
18. The lambda, the junction of the lambdoid and sagittal
sutu res.
19. The lower lC1nporo·sphenoidal sulcus.
20. The in ion, the exte rnal occipital protuberan ce.
Figure 2.
The len side of skull with the parietal bone removed, showing the subjacent convolutions of the left cerebral heml·
sphere (stripped of their membranes), with topographical survey of the motor area of th e ope rcul ar region thus exposed.
1. The centre for the movements of the face (the expres-
sions).
2. Th e centre for the movements of the lips, tongue, th roat,
an d larynx.
3. Th e speech centre.
4. Th e pre-central, or posterior, frontal sulcus,
5. Th e asce ndi ng frontal convolution.
6. The ascending branch of the fissure of Sylv ius.
7. Th e centre for the move me nts of the fingers.
8. The centre for th e movem ents of th e thumb.
9. The centre for th e movem ents of the wri st.
10. Th e cen tre for th e movements of the shoulder and
elbow.
11. Th e centre for the movements of the h ip. knee, and leg.
12. Th e centre for th e movements of the foot and toes.
13. Th e fissure of Rolando.
14. The ascending parietal convolution.
15. The horizontal branch of the fissure of Sylvi us.
16. The ex ternal pa rieto-occip ltul fissure .
17. The cerebe llum.
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the upper curved line of the occipital bone and the mastoid portion of
the temporal bone, and, immediately becoming muscular, its parallel fibres
extend upward three centimetres, or about an inch, and then join the
I
aponeurosis. The aponeuroeis of the scalp is continuous across the top of
the head, and is more characteristic behind, where th ere is a median
area chiefly composed of longitudinal fibres which are attached to the
external occipital protuberance and adjoining portions of the upper
curved line. It is thinner in front , and at the sides, in the temporal
region, it is not so closely associated with the scalp, being continued
over the subjacen t temporal fascia as far as th e zygoma. Between the
aponeurosis (epicranium) and the delicate membrane overlying the skull
bones (p e1'icranium) there is a layer of loose connective tissue, upon
which the mobility of the scalp depends. This mobili ty is readil y seen
in the ra ising of the brows by contraction of the fron tal muscles, in
many of the ordinary facial exp ressions, and the laxi ty of the connect ive
tissue is demonstrated in extensive scalp wounds, where a large flap may
be peeled off from the skull . Incised wounds gape most when they
occur across the direction of the fibres of the muscle. The attachments
of th e occipito-frontales muscles, above described, constitu te a limited
area of .surgical significance in case of wounds and inflammatory affec-
tions att ended with suppura tion in this region. This area is roughly
indicated by a lin e drawn round the head from the superciliary ridges
above the zygoma to the occipital protuberance. The pericranium is
very thin in the adult, and exercises only a protective influence over the
skull bones, playin g no part in their nourishment. It is unlike the
.per iosteum elsewhere, being destitute of its bone-producing properties,
th e bones of the cra nium receiving their nutrition from the vessels of
the dura mater.
The pericranium may be regarded as the remains of th e outer layer
of the developing membrane which surrounded the bones in early life.
It is very slightly attached, except at the sutures, where, in the young,
it blends with the membrane between the soft and growing bones. In
the latter instance sometimes extravasations occur, due genera lly to
pressure on the head at birth, which are limited to one bone, commonly
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the parietal. In the temporal region the pericranium is more adherent
to the bone than anywhere else.
The temporal region corresponds with the temporal muscle, which
occupies the temporal fossa. The skin here is somewhat different from
the scalp proper, having a vari able quantity of fat in its subcutaneous
tissue, besides the rudimentary auricular muscles.
The temp oral fascia is a bluish-white shining aponeurosis, underlying
the above, of a very unyielding nature, which firmly binds down the
temporal muscle, and sends radiating tendinous slips among the outer
bundles of fibres of the muscle which greatly augment its power. Above
it is attached to the upper temporal ridge on the frontal and parietal
bones, and below it is separated into two leaflets which are inserted into
the outer and inner borders of the zygomatic arch. There is usually a
pad of fat between the muscle and its aponeurosis at the zygoma, the
wasting of which in emaciation and in old age occasions conspicuous
hollows at the temples.
When the temporal muscle is stripped of its fascia, it presents a fan-
shaped appearance (Plate 21, No.2), with its fibres converging into a
strong tendon, which is inserted into the coronoid process of the lower
jaw at its apex and anterior border. The temporal muscle arises from
the side of the skull one centimetre, or a half-inch, below the attach-
ment of the fascia. Its deeper surface is in relation to the deep tem-
poral arteries and nerves and to the internal maxillary vessels. Its
motor nerves are derived from the inferior maxillary nerve. The func-
tion of the temporal muscle is to raise the lower jaw forcibly against the
upper. With the masseter (page 122) and pterygoid muscles it is con-
cerned in the mastication of food.
The inequality of the thickness of the skull- cap has already been
mentioned. I t depends upon the amount of the diploe between the
outer and inner tables of compact bone. This structure vari es consider-
ably, and its amount cannot be determined before a section of the bone
is made. The diploe contains a number of large veins, which occupy
channels in its structure and freely anastomose (P late 3, Fig. 4) and at
points have extra - and intra-communications with the veins of the scalp
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When the diploe IS reached by the
from the diploic vews wells up in
and the sinuses of the dura mater.
teeth of a trephine saw, the blood
a peculiar and distinctive manner.
The inner table of compact bone is thinner and more brittle than
the outer, and is in consequence called the vitreous table. Thus its
fracture is accounted for in those cases where it has been broken with-
out the outer table being implicated; and in nearly all cases of com-
plete fracture of the skull bones it is the internal table which is most
broken. The egg-shaped form of the skull has undoubtedly much to do
with the diversion of the effects of violence from the brain, and explains
the possibility of the occurrence of fracture at the base of the skull from
contre-coup.
When the sk ull-cap is removed its inner surface is found to be grooved
for the bran ches of the meningeal arteries at the sides, and along the
median line about the attachment of the walls of the superior longitudinal
sinus of the dura mater are depressions for the reception of the so-called
Pacchionian. bodies. .
)( The dura mater is the white, dense, fibrous membrane which lines
th e interior of the skull, serving the double purpose of being the true
(nutritive) periosteum of the cranial bones and of affording a tough pro,
tective envelope and support to the brain. It is closely adherent over
the whole of the base of the skull, where it is prolonged through the
foramina, becoming continuous with the pericranium and blending with
the fibrous sheaths of the nerves and vessels which pass out of and into
the cranium. Over the vault its attachments are chiefly in the position
of the sutures, where its outer fibrous layer separates to form the venous
sinuses. Elsewhere it is comparatively loose, so that extravasations from
rupture of the meningeal vessels or purulent accumulations may collect
between the dura mater and the bone and cause compression of the brain.
When compression occurs immediately on the receipt of an injury to
the head, it is generally due to a depressed fragment of bone; but if it
follows after an interval it L'3 probably caused by an extravasation of this
sort . It is worthy of note in this connection that rupture of a vessel of
the dura is usually followed by symptoms of compression more pronounced
I
16 THE R E GI ON OF THE H E AD.
than when one of the cerebral vessels is involved, owing to the softer
and more yielding nature of the. brain-substance. On the other hand,
when a cerebral vessel is ruptured there is little impediment to the
escape of the blood, and often clots of great size are found in the
locality of one of the cerebral vessels. Even in the lin es of the sutures
the dura mater can be severed from its bony attachment by taking pains
in the removal of the skull-cap (Plate 4, Fig, 2), and there is little
danger of wounding any of the sinuses with the trephine if the button
of bone, when it has been cut through by that instrument, is seized with
the forceps and extracted by a gentle rotatory motion. During the growth
of the skull bones in childhood the dura mater is very adherent, and does
not allow extravasations to coll ect between it and the inn er 'wall of the
cranium.
The P acchioniasi bodies, depressions for which are often noticed on the
inn er table of the skull-cap, are clusters of whitish granulations of variable
size (Plate 5, Fig. 1). They first appear about the seventh year, and
increase in number as age advances. The locali ties in which they are
liable to be found are the neighborhood of the great longitudinal sinus,
on th e outer surface of the dura, and sometimes within the walls of the
sinus itself. They are also, but rarely, met with in the fissure of Sylvius
and on the margins of the hemispheres. They have been demonstra ted
to be hypertrophied villi of the arachnoid membrane, which perforate the
dura mater by pressing outward, and cause the formation of the pits in
the bone by absorption.
The dura mater sends vertical processes between the hemispheres of
the cerebrum and those of the cerebellum, and a transverse ar ching
partition between the posterior lobes of the cerebrum and the cerebellum
(P late 4, Fig. 1). The latter is called the tentorium, and serves to
prevent the posterior lobes of the cerebrum from pressing upon the
cerebellum. I t is attached to the transverse rid ges upon the inner sur-
face of the occipital bone, and extends laterally to the superior borders
of the petrous portion of the temporal bones, and forward to the clinoid
processes of the sphenoid bone, The vertical processes are k nown
respectively as the f alx cerebri and the f alx cerebelli. The falx cerebri
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is received into the longitudinal fissure between the two cerebral hemi-
spheres. It is attached in front to the crista galli of the ethmoid bone
by a sharp point, and gradually becomes broader as it arches backward,
assuming the characteristic shape of th e blad e of a sickle, At its back
part it is ~onnected with the upper surface of th e tentorium . T he falx
cerebelli is projected into th e notch between th e hemispheres of the cere-
bellum and exte nds to the sides of the foramen magnum.
The arteries of the dura maier are very numerous, but the one of
chief importance is the g1'eat or middle meningeal ar iers] (Plate 9, F ig. 2).
This vessel is a branch of the internal maxillary artery, and enters
the skull at the foramen spinosum in th e margin of the great wing
of the sphenoid bone where it joins the anterio~' inferior angle of th e
parietal bone, at the middl e fossa of the skull. It passes upward over
the side of the dura mater in close connection with its two veins, and
divides into anterior and posterior branches, which are received by grooves
or channels in the inner table of the parietal bone. V ery often these
channels become in places distinct bony tunnels, so that removal of a
section of the bone so constructed necessitates the rupture of the embedded
ar tery . At the lower anterior angle of the parietal bone fracture is very
liable to occur, because th e bone is peculiarly thin and weak, and,
although the dura mater is adherent here, in such an injury the vessel
can hardly escape laceration. In almost every case of fracture of the
vault of the sk ull , attended with extravasation of blood, it is one or
other of the branches of the middle meningeal artery which gives way,
and this may even occur without fracture, owing to the loose attachment
of the dura mater within the vault being separated by the vibration
produced by a blow.
The other arteries which supply the dura mater and the various regions
of the sk~ll are, in th e temporal region, the lesser meningeal, which enters
at the foramen ovule coming from the internal maxillary (P late 22, F ig.
2) , and a small twig from the ascending pha1'yngeal arte1'y, which comes
through the middle lacerated foramen at the base of the skull . Anteriorly
there are meningeal arteries from the ethmoid and internal carotid arteries,
and posteriorly branches from the occipital, ascending pharyngeal, and
3
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vertebral arteries. The first two enter by the jugular foramen, and the
latter by the foramen magnum.
All the veins of the dura mater, with the exception of the two which
accompany the middle meningeal artery on either side, terminate in the
great sinuses. They freely anastomose with the diploic veins. The dura
mater not only affords support to the divisions of the brain-mass, but in
certa in places separates into two layers, so as to form canals, or einuses,
by which the venous blood from the brain and its membranes is conveyed
without in terference to the internal jugular veins.
There are as many as fifteen of these sinuses, but the most important
(from a surgical point of view) are the superior longitudin al and the
lateral (Plate 4, Figs. 1 .and 2). The lateral sinuses are the main channels
to which all the other sinuses converge. They often differ in size upon
the two sides of the head. They commence at the internal occipital
protuberance and curve outward and downward and inward to the jugular
foram ina, being received in the grooves of the occipital and temporal bones
and included in folds of th e tentorium. In their course they receive veins
from the cerebellum and from the occipital diploic veins, and are joined
by the petrosal sinuses. They also communicate with th e veins of the
scalp by emissw'y veins through the mastoid foramina, and sometimes
by the posterior condyloid foramina. It is owing to this intercommu-
nication that many cerebral affections are relieved by counter-irritation,
or the application of leeches, in this region. The superior longitudinal
sinus (P lates 4 and 12) is formed by a separa tion of the layers of the
falx cerebri in the line of the sagittal suture. It commences at the fora-
men erecum in front of the crista galli of the ethmoid bone, and passes .
backward, gradually becoming larger, until it reaches the internal occipital
protuberance. At this point th e sinus deviates, usually to the right side.
It becomes dilated and terminates in the corresponding lateral sinus. The
dilatation has long been kn own as the torcular Heropliiii, or confluence of
the sinuses (~late 4, F ig. 1, No. 12).
A transverse section of the superior longitudinal sinus is found to be
triangular, with the base of the triangle upward against the sk ull (P late
11, F ig. 1, No. 1) . I ts lower angle is brid ged across at in tervals by
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slender fibrous cords, called chordee lVillisii. T his sinus receives blood
from nu merous veins from th e adjacent cancellous structure of the skull-
cap, from several large veins from each hemisphere of the cerebrum, and
through a venous link by means of the parietal foramen from the veins
of the scalp. These veins usually enter the walls of the sinus obliquely,
passing from behind forward (Plate 4, Fig. 1) in a direction contrary to
that of the blood-current in the sinus, probably to prevent regurgitation
of blood into the cerebral veins. V ery frequently there is a communica-
tion between the veins of the nasal fossre and the apex of the sinus, and
in some cases of severe epistaxis the sinus has been supposed to be tapped
through such a connection.
The superior longitudinal sinus, from its position, is often subjected to
wounds in fractur e of the sk ull, and le s frequently in trephining. The
hemorrhage resul ting is by no means so serious as to warrant great alarm,
for there are many recorded cases where such hemorrhage has been easily
controlled by gentle pressure. Observation has led to th e supposition that
the blood circulates more slowly in the sinuses than in the ordinary veins;
and their const ruction seems to be especially for venous receptacles in to
which a reflux of blood can take place without exercising compression
upon the brain-substance. The cavernous sinuses are the only other sinuses
of importance, and that because of their intimate relations with the internal
carotid arteries. Owing to these relations, arterio-venous aneurism some-
times follows injury to the base of the brain. The cavernous sinuses are
truly venous plexuses situated at th e sides of the body of the sphenoid
bone, sur rounding the carotid arteries. They receive blood from the
anterior inferior cerebral veins, and through the ophthalmic veins from the
orbits. T his latter communication may lead to thrombosis of the sinuses
by extension of inflammation from disease within the orbits along the
ophthalmic veins. The cavernous sinuses empty their blood by means of
the upper and lower petrosal sinuses into the lateral sinuses.
The nerves of the dura maier ar e the recurrent branches of the fourth
and some filaments from the fifth of the cranial nerves. Besides these
there have been demonstrated upon the dura filaments from the ophthalmic
and hypoglossal nerves, as well as some from the sympathet ic nerve.
PLATE 3.
15. The right frontal fossa.
16. The oli vary process of the sphe-
noid bon e.
17. The right Int ernal carotid artery .
18. Th e tern por al fossa.
19. Th e basilar po rtio n of the occipital
bon e, joining that of th e sphe-
noid.
20. Th e ri ght occ ipi ta l fossa,
21. Th e internal occipita l crest.
22. Th e Int ernal occipital pro tuber-
a nce .
Figure 2.
The distribution of the branches of th e trifacial (or fifth cran ial nerve), and th eir relation to th e arter ies of the face.
F igure 1.
The base of the skull seen from within, sho wi ng th e exits of the cranial nerves. The d ura mater lining the fossre
of th e skull is retain ed , surrounding and forming sheaths for all the nerves wh ich arc left in situ a fter th e re moval of
the br a in . (From a female head, aged twenty-one years.)
1. Th e left olfactory bulb (or first 9. Th e fuela l nerve (or seventh era-
cranial nerve). ' nlal nerve) : and the auditory
2. Th e left optic nerve (or second ner ve (or eig ht h cranial nerve).
cranial nerve), 10. Th e hy poglossal nerve (or twelfth
3. The left internal ca roti d artery. cron lal ne rve).
4. The optic chi asm. 11. Th e gl osso-pharyngeal nerve (or
5. Th e m otor oculi nerve (or third ninth cran ial nerve).
crantal nerve). 12. The pneurnogastrle nerve (or the
6. The tro chl eari s nerve (or fourth tenth cra n ia l nerve).
cra n ia l nerve). 13. The spinal accessory nerve (or
7. The trlfacial nerve (or fifth crani al eleventh cranial nerve).
nerve). 14. The cr ista galJl of the et hmoid
8. Th e abducent nerve' (or sixth era- bone.
n la l nerve),
1. The supra-orbital nerve,
2. The su pra-t roch lea r nerve.
3. The Iufra-trochlear nerve.
4. The terminal branches of the
Ia ch rymal nerve,
5. The Infra-orbital bronch of th e
superior maxillary nerve.
6. Th e sph eno-pala ti ne (sympathetic)
ganglton (or ~lcckel's ganglion).
7. The descending palatine nerves.
8. Th e Infra-orbltalnerve and artery.
9. Th e anter ior and poste rior dental
n erves and arteries.
10. Th e su perio r buccal nerve.
11. The Inferior buccal ne rve.
12. The Inferior dental ner ve and
artery.
13. Th e mental n erves and artery.
14. Th e optic nerve.
15. A nasa l branch from the Infra-
orbita l nerve.
16. Th e position of the Vidlan nerve.
17. The branches of th e in feri or max-
Illary nerve to th e muscles of
masti cati on .
18. Th e ophthalm ic nerve (or first di -
vision of th e trifacial nerve).
19. The anteri or branch of the tem-
por al artery.
20. Th e aurtculo-temporal n erve.
21. Th e poster ior branch of the tem-
poral artery.
22. The temporal artery.
Figu re 3.
23. Th e m idd le me ni ngeal artery.
24. Th e ch orda-tym pan i nerv e,
25. The int ernalmaxlllary artery.
26. Th e occipital artery.
27. Th e poster ior auricular artery.
28. Th e facial nerv e.
29. Th e lin gu al nerve (or gus tato ry
nerve),
30. The chorda tympan i nerve, where
It joins with th e IIngnal nerve.
31. The In fra-m ax ill ary bran ch of the
facial n erv e.
32. Th e ex te rnal carotid art ery.
3.~. Th e internal carotid artery.
St. The common carotid artery .
35. The facia l artery,
12. Th e lambda.
13. The right side of the upper portion
of the occipital bone (Wormlan).
14. Th e right nsterlon,
15. The righ t mas toid process.
16. Th e occipita l crest.
7. The external occipital protuber-
ance (til e i nioll) .
8. Th e left ma stoid process.
9. The digastric groove.
10. Th e obelio n.
11. The r igh t parieta l eminence.
Th e posterior view of a European skull (the norm a occipitalis). Showing remarkable Wormlan bones (or OBBa
triquetra ). Nos. 4 and 13.
1. The sagittal su ture.
2. Th e left pariet al foramen .
3. The left parietal eminence.
4. The left side of the upper portion of
th e occipital bone (Wormlan).
5. Th e lambdoid suture .
6. Th e left asterion.
Figure 4.
The righ t side of a skull of an adu lt male, w ith the outer table rasped aw ay to sho w the d iploic ve ins. '
1. The fronto-parietal vein s, wh ich
communicate with th e supe ri or
petro sal sin us .
2. Th e external parietal veins, wh ich
term inate usually In the mastoid
vein.
3. Th e pa rleto-occlpl tal veins empty-
Ing into th e la teral sin us,
4. The frontal veins, which communi-
cate with the supra-orbital veins.
5. Th e fronto-sphen oldal veins, which
co nnect with th e deep temporal
veins.
Figure 5.
Obli que section th rough the left temporal bo ne , to show the tympanic cavi ty and masto id cell s on one side, and on
the other the membrana tympani, the ossicles, a nd the Eu stachian tube.
1. The position of the squame-petrosal
suture.
2. The eminence over the sem icircu-
la r canals.
3. The dep ression for the Gasserian
gaugllon of the fifth cranial
n erve on the apex of the petrous
bone.
4. Th e In ternal carotid artery en tering
Its canal.
5. Th e tympanic cavity.
6. The pyramid for the stapedius
muscle.
7. The stapes resting on the fen estra
ova lis .
8. The fene stra rot unda.
9. The aq ueduct of Ful lopi us.
10. Section th rough the mastoid cells.
11. Th e squam ou s portion of th e tem-
poral bon e.
12. The posit ion of th e canal of Hu-
g uie r.
13. The tensor tympani muscle.
H . Th e end of th e manubrium of the
malleu s.
15. Th e osseous portion of the Eusta-
chian tube.
16. The incus.
17. The membrana tympa ni ,
18. The styloid process.
19. The mastoid process.
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The cerebral surface of the dura' mater is lined by the delicate
arachnoid membrane (P late 5, Fig. 1), which in the normal state
facilitates the pul sations of the und erlying convolutions, owing to its
property of secreting a serous fluid. The amount of fluid between
the dura and the arachnoid tissue is inconsiderable. It is conta ined
within the sub-dural sp ace, so called in contradistinction to the sub-
arachmoui space, which is between the arachnoid membrane and the sub-
jacent vascular tissue,-the pia mate?'. The arachnoid membrane is color-
less and extremely thin over the upper surface of the hemispheres, but
it becomes thicker at the base of th e brain in front and behind the pons
Varolii, where it is opaque. At th ese localities there is always a quantity
of serous fluid which serves to support th e overlying brain. The arach-
noid fluid passes into the interior ventri cular cavities of the brain by
means of th e opening into the four th ventri cle for the choroid tela
(Magendie's foram en), and thus serves to exert a sustaining pressure
both within and without, thereby preventing the ill effects of concussion,
and enabling one hemisphere to support the weight of the other when
the head rests upon the side. The arachnoid membrane does not uni te
with the dura except where the cerebral veins pass to the sinuses or
around the corpora Pacchioni, and it does not accompany the pia mater
into the sulci between the convolutions. The arachnoid or cerebro-spinal
fluid is a limpid liquid with a salty taste and a slightly alkalin e re- .
action . In cases of fract ure of the base of the skull, involving the
petrous portion of the temporal bone, the escape of the cerebro-spinal
fluid through the ear is a diagnostic feature, as previously stated.
The pia mater is a delicate net-work of connective tissue in immediate
relation to the surface of the brain, containing within its meshes the rami-
fications of the cerebral vessels. It closely follows the infolding of the
brain-surface, which constitutes the convolutions, and lines th e great fissures
which characterize the development of the organ, and by some of them
is continued into the ventricular cavities. After removal of th e dura
mater many large superficial veins will be noted passing between the
layers of the pia mater to empty their blood in to the sinuses (P late 5,
Fig, ' 1, and Plate 10, Fig. 1). They do not regularly accompany the
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arteries, and on the surface of the hemispheres they freely communicate
with one another. At the ba e of the brain the pia mater becomes more
dense and fibrous, investing the cerebral crura, the pons, and the medulla
oblongata. Here the contained arteries divide into groups of long vessels
which penetrate the brain-substance and give rise to the anterior and
posterior p erforated sp aces.
The arteries of the brain are derived from the two internal carotid
arteries, which enter the base of the skull through the carotid canals in the
temporal bones, and from the two vertebral arteries, which, after ascending
through the foramen magnum, unite to form the basilar a1'tery on the
surface of th e pons. These main sources which furnish the blood to
the brain pursue a tortuous course (Plate 3, Fig. 5, and Plate 4, Fig. 2)
before they gain entrance into the calvarium, and immediately after-
ward are disposed in a remarkable inosculation (th e circle of Willis)
(P late 5, Fig. 3), for the purpose of equalizing and moderating the flow
of the blood in the several par ts of the brain. The interna l carotid artery
is surrounded by the cavernous plexus of veins by the side of the body of
the sphenoid bone, and branches into the ophthalmic, ant erior, and middle
cerebral, posterior communi cating, and anterior choroid ar teries. The
anterior and middle cerebral arteries arise from the internal car otid at
the inner end of the fissure of Sylvius. The former passes to the longi-
tudinal fissure, where it is joined to its fellow from the opposite side by
•
the anterior communicating arterp : thence the two anterior cerebral arteries
r un side by side, supplying the adjacent frontal lobes and corpus callosum.
T he middle cerebral is the largest branch of the internal carotid (Plate 5,
Fig. 3, No. 18). After giving off numerous small branches to the anterior
perforated space to go to the corpus striatum, it penetrates deeply into
the fissure of Sylvius, furnishing the anterior and middl e lobes of the
hemisphere. The anterior choroid branch of the internal carotid pa ses,
by means of the slit (the hippocampal fissure) in the middl e horn of the
lateral ventricle, to the choroid plexus. The posterior communicating
artery is often of unequal size (P late 5, Fig. 3) on the two sides, and
passes backward to join the posterior cerebral artery from the basilar,
thus completing the arterial chain at the base of the brain.
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The branches from the posterior cerebral arteries communicate with
those from the anterior and middle cerebral. Before the vertebral arte ries
join to form th e basilar they give off small branches in the neighborhood
of the medull a oblongata to the contiguous parts, meningeal and spinal
branch es, and the posterior cerebellar artery on each side. The other
cerebellar arteries arise from the basilar. The basilar ariers] also gives
off transverse twigs (Plate 5, Fig. 3) as it lies in th e median groove on
th e pons, the aud'itory ariem), accompanying the auditory nerve, being
one of them. The vessels which penetrate into the brain are accompanied
by delicate sheaths from the pia mater, which serve as lymphatic cha nnels
communicating with the sub-arachnoid and sub-dural spaces, the great
cerebral lymph-spaces.
The chief routes by which th e pia mater conveys its capillary meshes
into the brain-cavities are by the transverse fissure , as th e choroid tela,
into the lateral and third ventricles, and along the roof of the four th
ventricle, forming the velum interpositurn and choroid plexus.
The free intercommunication from side to side of the 'arteries at the
base of the brain is most important, as there is no anastomosis between
th e ar teries of the cortical surface and the arteries of the ganglionic masses.
Softening of the brain probably ensues upon inadequate collateral circula-
tion of these vessels, whether due to a pathological or to a traumatic con-
dition. R ecently it has been shown that there are special systems of
nu tri ent arteries derived from the circle of Willis, th e central or ganglionic
and the peripheral or cortical arteries. These systems are independent of
each other, and their terminal arteries (of Cohnheirn) do not anastomose.
The most noteworthy group of vessels of the ganglionic system are
th e branches from the middle cerebral art ery which penetrate the anterior
perforated space to supply the corpus striatum and optic thalamus on each
side. A particular branch, th e lenticulo-striate ariers], so called because of
its distribution to the lenticular and caudate nuclei, is often the source
of cerebral hemorrhage. The cortical arteries are peculia r in thei r mode
of origin, being adap ted to the immediate supply of blood to the bra in-
tissue, They arise directly from the larger arteries in minu te branches,
which take a vertical or an oblique course, according to their destination,
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those on the upper border of a convolution being vertical, and those on
the sides passing obliqu ely. Those which penetrate the layers of cortical
gray matter to the centrum ovale are the medullary cap illaries, and vary
from three to five centimetres, or from one to two inches, in leng th. These
are the terminal arteries proper. In consequence of the independence
of these cerebral capillary systems, many localized lesions, arising from
, emboli obstructing the blood-current, can be recognized and explained
during life. Such a lesion may be limited to an area involving a special
function, especially in the region supplied by the branches of the middle
cerebral artery,-i.e., the motor centres and the faculty of speech.
As elsewhere in the body, the principal vessels are supplied with
sympathetic nerves, and these form in the head intricate plexuses mainly
around the internal car otid arteries at the base of the brain.
A fter removal of the pia mater, the brain-mass, with its furrows and
convolutions, is exposed directly to view (Plate 10, Fig. 2) . If the organ
is retained within the skull, the proper relations which the surface-
markings of the brain bear to the overlying structures can be profitably
studied ; and, as the subject of cranio-cerebral topography has now
attained grea t importance, owing to the recent development :of in tra-
cranial surgery, it will receive especial attention.
In order that a clearer comprehension of this difficult and complex
region may be obtained, a succinct description of the surface anatomy of
the brain removed from the head will be given before explaining its
application.
The brain (encephalon) is that portion of the central nervous sys-
tem which is contained within the cranium, and consists of the cerebrum,
cerebellum, pons, and medulla oblongata. The cerebrum overlies the other
portions of the brain, occupying the whole of the upper part of the
cranial cavity. Its base rests on the anterior and middle fossre of the
skull, and posteriorly it is separated from the cerebellum by the tentorium,
the arching transverse fold of the dura mater. T he cerebellum occupies
the occipital fossse. The pons (Varolii) rests upon the basilar process
and body of the sphenoid bone, and is connected with the cerebrum by
the crura cerebri, and with the cerebellum by the crura cerebell i. The
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medulla oblongata is the portion below the pons, and rests upon the basi-
lar process of the occipital bone. It is continuous with the spinal cord.
The brain conforms in size and shape with the interior of the skull, or
brain-case. I ts mass is to some extent related to the size of the body, and
it is modified by the degree of mental development of th e individual to
whom it belongs, the intelligence probably dependin g upon th e quality
ra ther than upon the quan ti ty of the organ. During intra-uterine life
the developmen t of the bmin is very active, and at birth it is relatively
of large size, of a soft pulpy consistence, presentin g an approx imation in
form and relations to the adult brain. It grows rapidly up to the seventh
year, becoming gradually firmer, and from that period un til about the age
of forty it increases very slowly. I ts full growth is considered to have been
at tained between forty-five and fifty years of age. The average weight
of the brain in males is forty-nine ounces; in females, forty-four ounces.
In old age it decreases in a measure commensura te with the waning of
the faculties. The brain consists of gray and white neural tissue variously
disposed, the gray matter, composed mainly of nerve-cells, being arranged
on th e cortical surface, and in th e ganglionic masses at the base of the
organ ; the white matter, made up of neroe -fibres, being within, and serving
to connect the gray portions and to bring them into relation with the
spinal cord through the pons and medulla. The gray matter on the
cortical surface is arranged in several layers of various forms of cells,
which are intimately surrounded with numberless capillary vessels from
th e adjacent pia mater. These cells are connected through their pro-
longations with the nerve-fibres of the white substance. The minute
structure of the nerve-cells and nerve-fibres is described with the anatomy
of the spinal cord in VoL II.
The whole brain is partially divided into symmetrical halves by a
median fissure extending from before backward. The area of the surface
of the brain. ,is greatly extended by the cortical gray matt er being
irregularly rai sed in tortuous convolutions (gyri) or involuted into
furrows (sulci) , so that, with great economy of space, its actual surface
is nearl y six times what it would be were it merely a smooth envelope.
The number of convolutions and the depth of the furrows between them
4
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vary in different brains, and consequently the extent of the gray surface-
matter upon which the intellectual capacity depend s is variable.
All physical and moral actions have their perceptive centres some-
where in the cortical substance of the cerebrum. An animal may live
after removal of its cerebral hemispheres, but it will be insensible to
peripheral disturbance and incapable of exercising volition. The anterior
portions of the hemisph eres are without sensibility, as is manifest in
cases of wounds in which they have been injured.
The cerebrum consists chiefly of two lateral masses, called, from their
shap e, hemispheree, which are partially separate d by the falx cerebr i of
the dura mater being received into the gr eat longitudinal fissure between
them. At the bottom of this fissure a band of white transverse nerve-
tissue connects the two hemispheres: thi s band, owing to the decussation
of its component fibres, is known as the commissure of the cerebrum, or
the corp us callosum (P late 11, Fi g. 1, o. 8).
The hemisph eres are not always of equal size, as the longitudinal
fissure is not always placed exactly in the middl e line (P late 6, Fig. 1).
The left hemisphere has generall y been found to be larger than the
right, and thi s has been attributed to the more direct blood-supply to the
brain on that side, through the left vertebral and common carotid arteries,
the latter arising ind ependently from the arch of th e aorta. Th e righ t
hemi phere: is often, however, larger than the left (P late 6, F ig. 1) in a
brain otherwise normally developed. Each hemisphere consists of an
anterior (ft'ontal ), a middle (temp01'0-sphenoidal), and a posterior (occip -
ital) lobe, which are best seen on the under surface, and correspond to
th eir respective positions in the fossre of the cranium. Besides these
th ere are the p arietal lobe, placed between the frontal anel the occipital
lobe, on the lateral and upper surface, and th e central lobe, situated
within the fissure of Sylvius, at the base of the brain.
The disposition of the convolutions and furrows on the sur faces of
the two hemisph eres is not identical, owing to the varying development
of the several localities. It is, therefore, improbable that any definite
area will always possess the same group of nerve-cells, for they may be
on the surface of a convolution in one brain, and in an adjacent furrow
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III another, depending upon the relative growth of the locality. The
prirnm'Y fissures of the cerebral hemispheres-viz., the Bylvian, .liippo-
campal, parieto-occipital, and calcarine-appear during the third month of
fcetal life. The secondm'Y fissures, the most important being the fissure
of Rolando, appear between the fifth and sixth months. The fur ther de-
velopment of the fissures, and consequently of the convolutions, occupies
the last two months of festal life and the first five or six weeks after
birth, at which time the cerebral surface can be clearly mapped out.
The largest and most complicated convolutions characteristic of the hunuu:
brain are upon the uppm' surface of the hemispheres, frequently branch-
ing toward the longitudinal fissure in their course like the 'letter Y.
They do not exactly correspond upon the two sides. The most importan t
of th e convolutions on the external surface of the hemispheres are the
central, or parietal, convolutions, which are always the most perfectly
developed in all animals whose brains are convoluted. They occupy
approximately the same relative position on each side of the brain, and
are separated by the deep fissure of R olando or central fissure (P lates 6
and 7). The area surrounding this fissure has been sat isfactorily proved
by physiological research and pathological facts to involve the principal
motor func tions of th e body (Plate 2, Fig. 2, and Plate 10, Fig. 2).
The fissure of Rolando (Plate 6, Fig. 1, Nos. 3 and 13, and Plate
7, Figs. 1 and 2, No.1) usually begins close to the longitudinal fissure,
about its middle, on the upper surface, and runs obliquely over the outer
convex surface of the hemisphere downward and forward, un til within
a short distance of the fork of the Sylvian fissure. The lesser wing
of the sphenoid bone is lodged within th e fissure of Bylvius. This fissure
begins (P late 6, Fig. 2, No.6) in a depression called the vallecu la, at the
anterior perfora ted space at the base of the cerebrum, and passes outward
as a deep cleft (P late 7, Fig. 1, No. 22), which divides in to an ascending
or uer tioal branch two centimetres, or a little less than an inch, in length ,
and a horizon tal branch, which passes backward and curves slightly
upward. It usually terminates in the parietal lobe in a bifid extremity.
At the point where these branches originate, a thi rd branch passes trans-
versely, and is hidden within the substance of the brain. The branches
PLATE 4.
F igure 1.
Th e rlghL hem ispher e of the cerebrum removed to sho w the falx ee rebri and ten torium of th e dura mater, and th e
relations of the grea t sinuses and th eir tributaries. (From the sa me head as in Plates 9 and 10.)
1. The cu t tissues of th e sca lp.
2. The ou ter ta ble of th e skull-cap,
3. The diploic structure .
4. The inn er table of th e skull -cap.
5. The superio r longitnd inal sinus.
6. The in ferio r longitudinal sin us.
7. The falx cereb ri.
8. One of th e poste rior tributary veins.
9. Th e ven te Galeni.
10. The straigh t sinus .
11. Th e tentorium cerebelll .
12. The positi on of th e torcul ar Herophlll.
13. One of th e anter ior tributa ry veins.
14. The convolution of the corpus callos um of th e left
h emi sph er e.
15. Th e apex of th e longitudinal sinus passing to the fora '
m en crecum .
16. Th e artery of the corpus callosum .
17. Th e crista galll of the et hmoid bone.
18. The corpus callosum.
F igure 2 .
The posteri or third of the sku ll and its sca lp removed to sh ow the posterior view of th e dura mater , an d th e conflu-
ence of t ile luteral and occi pita l sinuses with th e su perior longitudinal sinus . Also th e posteri or seg me nts of t he cervlca l
vertebrre arc removed to show th e continuati on of th e du ra mater of the brni n with that of the spinal cord, the gangltons
on thc posterior roots of th e cervleal nerves, and the course of th e ver tebral arteries through the vertebra l fommtna,
1. The cu t tissues of th e sca lp.
2. Th e secllon of th e pa rietal bon es at , th e sagi ttal suo
ture.
3. Th e dura mater over the posterior lobe of the left
heml sphcre of th e cerebrum .
4. The great, or supertor, longit ud inal sinus.
5. The poste rio r branches of th e len middle meningeal
a rtery .
6. The left la teral sinus.
7. The left occi pital sinus.
8. Th e left sub-occ lpital (or first cervical nerv e).
9. Th e left ver tebral artery curv ing u pon Itself be fore
ente rln g th e foram en magnum.
10. Th e ganglion on Lhe posterior root of the second cer-
vieal nerve.
11. Th e le ft tr an sverse proc ess of the atlas vertebra.
12. Th e descending branch of the posterior d ivision of th e
second cervical nerve, passing to the third.
13. Th e ganglio n on th e posterior root of the third cervical
n erv e.
14. The left Internal jugular vein.
15. Th e left common carotid artery.
16. The ga nglio n on the posterior root of the fourth cervical
nerve.
17. The left sterno-eleido mastoid m uscle.
18. The ganglion on th e poste rio r root of th e fifth cervi cal
nerve.
19. The le ft brachial plexus of nerv es,
20. Th e poste rior branc hes of the r ight mi ddle men in geal
artery,
21. The right Iate ral sinus.
Zl. The right occipital sinus.
23. The right posterior meningeal artery.
24. The right sub-occipital (or first cervical nerve),
25. Th e righ t vertebral arte ry at Its curva ture,
26. Th e occipitalis mnjor nerve (or Internal brunch of the
posteri or d ivi sion of the seco nd cervica l nerve).
27. Th e right spina l accessory nerv e.
28. Th e descen di ng branch of th e scco nd ee rvlca l nerv e,
29. Th e right common earotld artery,
30. Th e ganglion on th e posteri or root of the Lh lrd cervical
nerve.
31. Th e right Internal jugular veln.
32. The right vertebral artery.
33. Th e dura mater of the spinal cord.
34. The right fourth cervical nerve.
35. Th e right fifth cervlcal nerve.
36. The right brachial plexus.
"'
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great fissures
This is even
of the fissure of Syl vius originate from the development of the hemi-
sphere around th e central lobe (or insula), which is usually covered in
(P late 7, Fig. 1), but is occasionally visible (Plate 7, Fig. 2, No.7).
The portion of the hem~sphere overlapping the central lobe is called
the op erculum, from its lid-like character. The fissure of Sylvius is
th e most conspicuous of the cerebral fissures, and is easily recognizable.
The parieto-occipital fissure is seen on the median surface (Plate 8, Fig, 1,
No.5, and Fig. 2, No. 20) . It begins at the calcarine fissure near the
corpus callosum, and ascends vertically, ending on the external surface,
about an inch beyond th e longitudinal fissure. It partially defines the
parietal and occipital lobes, and occasionally blends with the horizontal
branch of the Sylvian fissure. The calcarine fissure (Plate 8, Fig. 1,
No.7, and Fig. 2, No. 23) begins near the posterior border of the hemi-
sphere and passes forward, receiving the parieto-occipital fissure midway,
and ends under the corpus callosum, penetrating into the posterior horn
of the lateral ventricle, dividing the hippocampal convolution.
The hippocamp al fi ssure extends from the gyrus fornicatus to the hip-
pocampal hook. The fascia dentata projects inwardly through this fissure,
over which the pia mater passes to join with the choroid plexus of the
lateral ventricle.
The transuerse fissure (of B iclwt) is the breach between the cerebrum
and the cerebellum (Plate 7, Fig. 1, No. 12). This flssure j s due to the
cerebral hemispheres being folded backward over the thalamic region,
and it admits the pia mater into the interior of the brain as the velum
interpositum.
The interparietal fiseure (Plate 7, Fig. 1, No.5, and Fig. 2, No. 20)
is the most important of the secondary furrows on the parietal portion of
the hemisphere. .It is very variable in form and position, sometimes being
connected with the parieto-occipital and sometimes with the horizontal
branch of the Sylvian fissnre. Generally it begins between the latter
and the Rolandian fissure, and curves backward somewhat parallel with
the superior border of the cerebrum.
It will be noticed that the character of nearly all the
which separate the cortical surface into lobes is variable.
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more so with regard to the smaller (intm-lobular) fissures between the
convolutions in the different lobes of the hemispheres. The changes in
the position of these furrows probably depend upon the variability of
the development of their localities in different brains.
The frontal lobe (Plate 6, Fig. 1, No.2) consists of the cerebral
surface situated in front of the fissure of Rolando and over the fissure
of Sylvius. This lobe is divided by furrows (the frontal sulci) into four
principal convolutions (the frontal gyri), which are subdivided into sec-
ondary convolutions by modifications of their arrangement and connections.
The frontal convolutions are the superior, middle, and inferior, and the
anterior central (Plate 7, Fig. 2, Nos. 2, 3, 4, and 5). The superior frontal
convolution (Plate 7, Fig. 1, No. 15) is in relation to the longitudinal
fissure, borders on the anterior part of the corpus callosum internally, and
extends to the under surface, where it is known as the olfactoru convolu-
tion, from its reception of the olfactory bulb in a depression (Plate 6,
Fig. 2, No.2) . The adjacent middle frontal convolution (Plate 7, Fig. 1,
No. 17) also extends to the under surface, and is there called the orbital
convolution. The inferior frontal convolution (Plate 7, Fig. 1, No. 19)
is below the preceding and in relation to the Sylvian fissure. It is now
often called Broca's convolution, or the speech centre, from the localization
of the movements of the lips and tongue, in articulation, in its posterior
portion.
The anterior central or ascending frontal convolution (Plate 7, Fig. 1,
No. 14) is separated from the three frontal convolutions by the posterior
frontal (or 11ertical ) furrow (Plate 7, Fig. 1, No. 16), and it usually blends
with the upper and lower frontal convolutions, and with the posterior
central convolution, curving round the ends of the central fiseure of
Rolando.
The parietal lobe occupies the upper and lateral portions of the
hemisphere between the fissure of Rolando and the external part of the
parieto-occipital fissure, and is over the horizontal branch of the fissure
of Sylvius. There are three principal convolutions on the outer surface
of this lobe,-the posterior central and the superior and inferior parietal
convolutions.
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The posterior central or ascending p arietal convolution is, as before
stated, ordinarily continuous with the anterior central or ascending fronta l.
The two convolutions thu s completely surround the fissure of Rol ando
(on the cortical surface), and the area thus formed is called the opercular
lobe (P lates 6 and 7). The connecting portion above the fissure of R olando
is the para-central lobule, and that below it is the infra-central lobule. The
latter region is considered to be correlated with the movements of the head
and face, while those of the arm and hand are referred to the middle por-
tions of the anterior and posterior central convolutions, and those of the
leg and foot to the para-central region.
The superior and inferior parietal convolutions are separated by the
in ter-parietal fissure (P late 7, Fig. 2, No. 20), and are usually continuous
with the convolutions of the occipital lobe by bridges of gray matter called
the annectent convolutions.
Both of the parietal convolutions are variously subdivided. The
inferior is very tortuous, and commonly consists of two chief portions,
the superior rnarginal and the angular convolution. The former usually
blends with the lower part of the posterior central convolution and arches
over the end of the horizontal branch of the Sylvian fissure to join the
superior temporal convolu tion. The angular convolution (P late 7, Fig. 1,
No.7) is behind the supra-marginal and parallel with the Sylvian fissure.
I t usually joins the middle temporal convolution by means of the two lower
annectent convolutions. Upon the median surface the superior parietal
convolution joins with the upper extremity of the posterior central con-
volution to form the p1"(J;cuneus, or quadrate lobule (P late 8, Fig. 2, No.
18), which is continuous with the convolution of the corpus callosum.
The occipital lobe, also variously subdivided, presen ts three principal
convolutions, superior, middle, and inferior, which are subdivided by the
occipital . fissures and continuous with the convolutions of the parietal and
temporal lobes. Upon the median surface the superior occipital convolu-
tion, somewhat triangular in shape, forms the cuneus lobule, placed between
the parieto-occipital fissure and th e calcarin e fissure.
The surface of the occipital lobe whid} rests upon the tentorium is
composed chiefly of two convolutions, the.iE¥E.~t puW~~ :\~!ii·f~.\ ~blends with
.. .... . ..... -....-. -.
-..-:..::..:-.:.-...
...... . ... . ..
.... .... . .
. . -.-. . .
.'.. .-.. . ....- ...
. . . . ..
. ::..:..:: ::.
: :. ~ :-. :. :-... :
......- - ..
.. ... .. .
.....- . .. .
32 THE REGION OF THE H E AD.
the hippocampal convolution and the outer one is the occipital par t of the
occipito-temporal convolution . They are both continuous with the con-
volutions on the under surface of the temporal lobe. The temp oral lobe
(ternp oro-spheno'idal ) presents on its outer surface generally th ree defined
convolutions, superior, middle, and inferior, separated by variously arranged
temporal fissures, and connected, as above stated, with the parietal and
occipital convolutions.
The hippocampal convolution is separated from the occipito-temporal
convolution, on the under surface, by the collateral fis sure. I t forms
the floor of the middle horn of the lateral ventricle, terminating in the
hippocan~pal hook (processusunciformis) . The calcarin e fissure divides
the hippocampal convolution at the back part of the corpu s callosum.
The central lobe, island of R eil, or insula, as it is variously kno wn,
is situated within the fork of -the Sylvian fissure, where it is occasion-
ally partially visible on the external surface (P late 7, Fig. 2, No. 7),
and is overlapped by the operculum. I t consists of from four to six
small convolutions (the gyri operti ), arranged side by side upon a tri an-
gular mass, and appearing, when exposed, very much like the fingers of
the hand when closed upon the palm. These convolution s are the fi rst
to appear in the fcetus and among animals, and are gradually enclosed
by the other principal convolutions developing around them.
Behind the central lobe there are usually several small convolutions,
known as the temporo-parietal or reiro-insular convolutions. They bridge
over the temporal and parietal lobes. The fo rnicate convolution, or con-
volution of the corpus callosum" which is to be seen on the median surface
(Plate 8, Fig. 1, No. 16), extends round the upper surface of the corpus
callosum, beginning at the anterior perforated space, and blending behind
with the uncinate convolution below the quadrate lobule.
. Cran io-Cerebral Topography.-I n the description of the landmarks
of the head the relations which the external parts of the cranium bear
to th e surface-coverings are stated in detail. The topographical survey
of th e sk ull is here considered in its relation to the brain (P late 9,
Fig. 1) . .
The poi~:~(~: :iFep¥t~i:~ ~~rface of the calvarium which bear upon
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th e position of the principal fissures of the brain cannot always be defi-
nitely determined through th e scalp, even though th e head be shaved ;
and the most careful observation, or calculation based on statistics of
measurements, cannot insure accuracy, for no two heads are precisely
alike in their conformation and the arrangement of their conten ts.
Only approximative results can be obtained by deducing from the
landmarks of any skull the relative positions of the parts of the brain
which it contains. A line drawn across the forehead above the eye-
brows in front, and along the side of th e head, two centimetres, or a
finger's breadth, above the external angular process of the orbi t, to the
root of the zygomatic process and thence to the external occipital pro tube-
rance, corresponds in a measure to the lower level of the cerebrum (Plate 2,
Fig. 1) ; the cerebellum occupies the space below the latter portion of this
line, but its lower level cannot be defined externally, as it depends upon
the extent to which the lower occipital fossre project at the nape of the
neck. The frontal and parietal eminences seem to indicate the propor-
tionate development of the frontal and parietal lobes of the cerebrum.
The parietal eminence corresponds to the supra-marginal convolution,
and the frontal eminence to the superior frontal convolution. The pterion.
is the junction of the great wing of the sphenoid bone with the frontal,
parietal, and temporal bones. H ere the fissure of Sylvius commences.
Its short ascending branch is just behind and parallel with the coronal
suture, and its long horizontal branch extends upward and backward
across the upper margin of the squamo-parietal suture on a line drawn
on the side of the head from the nasion to the lambda (Plate 2, Fig. 2,
No.6, and Plate 53, Fig. 1, No. 18) . The coronal suture passes from
the breqma, the junction of the coronal and sagittal sutures, at the
top of the head, to the middle of the zygomatic arch. The lambda
is the junction of the sagittal and lambdoid sutures. The external portion
of the parieto-occipital fissure is a little in front of the lambda. The
inion is the external occipital protuberance. The upp er end of the
fissure of Rolando (Plate 2, Fig. 2, No. 13) begins at or near the middle
line five centimetres, or about two inches, behind the coronal suture, or at
a point one centimetre, or about half an inch, back from the middle of
:5
PLATE 6.
F igure 1.
Th e pia mat er , with Its vessels ramifyin g ove r the con volutions on th e upper surface of thc hemisph ere s. The lon gl-
tudlnal sinus In position, with clusters of the Pacehi on ian granules wi th in If an d upo n eit her side .
1. The fron tal sinus of th e skull.
2. Th e forepart of th e longitud inal sinus passin g towa rds
th e foramen crecum.
3. Th e Pacchioni an granules in rela tio n to the left side of
the longitu d in al sinus.
4. Th e lon git ud inal sinus of the dura mater.
5. Th e vessels of th e pia mater over the left hemisphere.
6. The longitndlnal sinus passi ng backward to the tor -
cu la r Herophili .
7. Th e Pacchionian granules in rela tion tothe right side of
the longitndinal sinus.
8. Th e vesse ls of th e pi a mater over th e right hem isphere.
F igure 2 .
The base of the skull with the cerebellum retained In th e occi pita l fossre, Portions of the orbital roofs are removed
to sbow th e nerv es and muscles passing to the eyeball s.
1. Th e front al bra nc h of the left ophthalmic nerve.
2. Th c Ic ft su pra-t rochlear nerve.
3. Th e left eyeball.
4. The left superior rectn s muscle.
5. Th e nasal branch of th e left ophthalmic nerve.
6. The fatty capsul e of Tenon. .
7. The left exte rnal rectus muscle.
8. The left optic nerve, passi ng Into the op tic for a-
men.
9. Th e left Int ernal carotid arte ry .
10. Th e opti c commissure.
11. Th e nerve to th e left superior oblique muscle (or fourth
cra nial nerve).
12. Th e Gasseria n ganglion of th e left fifth cranial nerv e.
13. Th e cut end of th e Icft abducent nerve to the ex tern al
rectus muscle.
14. Th e left lobe of th e cerebell um, showing thc superio r
cerebellar vein s,
15. Th e right eyeball .
16. Th e right ex tern al rectu s muscle.
17. Th e fron tal branch of th e right oph thalmi c ner ve.
18. The righ t su perior rectus m uscle.
19. Th e nasal branch of thc r lght opb tb almic nerve.
20. Th c capsule of Tenon.
21. Th e rig ht op tic nerve.
2'2. Th e righ t In ternal ca ro tid artery.
23. The plt ulta ry fossa.
24. Th e nerve to th e r ight superio r oblique muscle lor
fou rth cranial ne rve) .
25. Th e Gasserian ganglio n of the right fiftb cran ial nerve.
26. Section throngh th e pons Varolll .
27. Tbe rigbt lob e of th e cerebellum.
F igure 3.
'The base of the brain, showing the anastomosis of the arteries, called tbe circle of Willis. (From an adult mal e.)
1. Th e arte r ies of the corpus callosum within th e longi-
tudinal fissure.
2. Th e arteries to the right frontal convolutions.
3. Th e right anterior cerebral artery.
4. The right fissure of Sylvlus.
5. Th e anterior communicating artery,
6. The optic commissure.
i. Th e cut end of the right Internal ca rotid artery.
8. Th e right posterior communicating artery,
9. Th e right posterl or cerebral artery.
10. The basilar artery, resting on the median groove of the
pon s Var olil.
11. The right superio r cerebellar artery.
12. Th e righ t Infer ior cereb ellar artery.
13. Th e right ver teb ral artery,
H . The anteri or spinal artery.
15. The posterior inferior cerebellar artery.
16. Th e arteries to the left fron tal lobe.
1t . Th e left anterior cerebral artery.
18. Th e m iddle cerebra l artery, within the fiSSU TC of S)'I-
vius, wh ich is displayed by scparatlon of th e frontal
and pnrietal lobes.
19. The cut end of the left internal earotld artery.
20. The pltultary body (In this case unusually large).
21. The left corpus alblcans.
22. The left posteri or commnnlcating artery.
23. Th e left posterior ce rebral artery .
24. The left auditory artery.
25. The left posterior cercbell nr artery.
26. The left vertebral artery.
27. The medulla oblongata.
28. The exte rnal branches of th e left posterior cerebell ar
ar tery.
..,
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the distance from the oph1"yon, or glabella, to the inion. This fis ure
passes obliqu ely downward toward the horizontal branch of the fissure of
Sylvius, and its lower end is two and one-half centimetres, or about one
-inch, behind the coronal suture :where it joins th e other bones to form
the pterion. The posterior frontal eulcue (or furrow) is just behind and
parallel with the coronal suture (P late 2, Fig. 2, No.4). I t is some-
tim es called the vertical sulcus. The ascending frontal convolution is
between the posterior frontal sulcus and the fissure of Rolando.
The upper end of the posterior frontal sulcus reaches to about the
middle of the fissure of R olando. The inferior f rontal sulcus branches off
from it about on a level with the superior stephanion, which is the point
of intersection of the coronal suture and the ridge for th e temporal fascia
(Plate 2, Fig. 1, No.5). The superior frontal sulcus begins in the upper
part of the ascending frontal convolution, over the posterior frontal sulcus,
and passes forward and parallel with the inferior. The lower end of the
inferior frontal sulous is separated from the fissure of Sylvius by the Ope1"-
culum: The inter-parietal sulcus is behind the fissure of Rolando and
parallel with the great longitudinal fissure between th e hemispheres. I t
is midway between th e latter and the parietal eminence (P late 2, Fig. 1,
No. 12). The basion is the middle of the anterior border of the foramen
magnum at the base of the skull.
The convolutions in the various regions are designated according to
their positions, and their relations are mapped out when the positions of
the fissures and sulci are determined.
In seeking to ascertain the function of any locality on the cerebrum,
it has been discovered, by means of gentle electrical stimulation, that the
so-call ed motor celle are only in the gray matter on the surface, and that
faradism of the sides and bottom of the fissures produces no motor
reaction.
The area of the opercular lobe, which includes the central fissure of
Rolando, has been demonstrated to be th e controlling centr e of the move-
ments of the limbs (P late 2, Fig. 2, and Pla~e 10, Fig. 2). This area
consists of the following convolutions: the anterior central (or asoending
frontal) conuolution, in front of the central fissure ; the posterior centra l
36 THE REGION OF THE HEAD.
(or ascending parietal) convolution, behind the central fissure; the pam-
central convolution, which surmounts the central fissure and extends on the
median surface of the hemisphere to the calloso-marginal fissure (Plate 8,
Fig. 2, No. 17); and the infra-central convolution, which separates the
central fissure from the horizontal branch of the fissure of Sylvius. The
infra-central convolution is correlated with the movements of the face
(mouth, lips, tongue, throat, and larynx). Movements of the fingers are
produced by stimulation of the cortical surface in th e lower portion of the
anterior central convolution, and movements of th e thumb by stimulation
of the corresponding portion of the posterior central convolution. The
centre for the wrist is just above the latter, at about the middle of
the central fissure, and that for the elbow and shoulder a little higher.
Observation has shown that the centres for the upper extremity embrace
the adjacent portions of the convolutions on both sides of the central
fissure (P late 10, Fig. 2). The movements of the hip, knee, leg, foot,
and toes are presided over by the para-central convolution and the
contiguous parts of the anterior and posterior central convolutions.
The inter-parietal fissure is probably the posterior limit of the motor
area.
The frontal lobe of the brain anterior to the motor region seems to be
related to the highest processes of the mind. Lesions in this locality are
generally followed by proportionate mental deterioration.
The sensorial area has not been conclusively determined, but it is
believed to include the general surface of the cerebrum posterior to the
inter-parietal fissure, limited externally by the parieto-occipital fissure
(Plate 7 and Plate 10, Fig. 2) and- internally by the calloso-marginal
fissure (Plate 8) .
The centre for the movements of the eyes and eyelids involves the
angular gyrus; while the centre for vision extends from the angular gyrus
over the occipital lobe and adjoining portions of the temporal and parietal
lobes. The centre for hearing seems to be localized in the first and second
tempore-sphenoidal convolutions. The centre for smell is supposed to be
established in the hook of the hippocampal convolution, and th e centre
for taste just below it. The speech-centre has already been mentioned
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III the description of the in ferior frontal convolut ion (page 30) . It is
posterior to the fork of the fissure of Sylvius.
The function of the island of R eil, or central lobe, is not determined,
but, from its development, its position, and its relation to the other lobes
of the brain as well as the basal ganglia, it probably plays an important
role in the association of their related functions.
During life the vessels of the pia mater are engorged with blood,
especially if the patient has been under the influence of alcohol or an
antesthetic, and the subjacent cerebral fissures and sulci are indistinguish-
able through an opening in the skull . All that is possible, th erefore,
is to conjecture or infer what portion of the cortical surface of the brain
is at the bottom of a hole made by the trephine (Plate 50, Fig. 1).
That the results of operative interference with th e brain-stru cture
should so often verify diagnosis is cause for wonder, when one considers
the uncertain features of the anatomy of localization (Plates 9 and 10).
R epeated examinations of the relations of the fissures to carefully mapped-
out points after removal of a disk of bone on the heads of many cadavers
have shown th e author the fallacy of depending solely upon measurements,
and the importance of making the artificial opening in the skull large
enough to enable th e operator to see the parts exposed.
T h e base of the cerebrum is subdivided, as already described, in to
anterior, middle, and posterior lobes for each hemisphere. The posterior
lobes are separated from the cerebellum by the tentorium of th e dura
mater.
When the entire brain is removed from the calvarium and its 'under
surface (P late 6, Fig. 2) examined, the arrangement of the objects
brough t to view can be best studied by commencing in front. The longi-
tudinal fissure, approximately in the middle line, separates the frontal
lobes. With in the longitudinal fissure is the transverse commissure, or
C01']JU8 callosum, from which white bands pass backward on each side to
the fissure of Sylvius. They are called the pcdumc les of ilie corp us cal-
losum. The lamina cinerea is a thin layer of gray tissue exte nding from
th e corpus callosum to th e optic commissure. The fissure of Sylvius,
between the frontal and middle lobes, lodges the middle cerebral artery,
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and the fissure begins in the vallecula, which is also known as th e anterior
perforated space, because it is perforated by the vessels which supply the
corpus striatum. This anterior perforated space is the apparent origin of
the three roots of the first cranial nerves (or olfaeto1'Y bulbs) (P late 6, Fig.
2), on each side. Each olfactory bulb is received into a straight furrow
on the orbital surface of the frontal lobe and lies on the cribri form plate
of the ethmoid bone (Plate 3, Fig. 1, No.1). The outer white root of
th e olfactory bulb originates in a nucleus of gray matter in the anterior
part of the middle lobe of the hemisph ere, and from the fissure of Sylvius
passes along the outer side of the anterior perforated space. . The middle
gray root takes origin from the anterior perforated space and the furrow
in which it rests on the frontal lobe. The inn er white root arises from
th e gyrus fornicatus on the median surface of the hemisphere. The olfac-
tory bulbs are in reality the prolongations of the fronta l portions of the
cerebral substance. On their under surface, as they rest on the crib ri-
form plate of the ethmoid bone, they give off about twenty nerves, which
are distributed .to the nasal mucous membrane (page 116). Behind the
lamin a cinerea is the optic commissure, formed by the union of the optic
tracts, which arise from the anterior lobes (nates) of the corpora quadri-
gemina, the corpora geniculata, and the posterior portions of the optic
th alami, winding round th e crura cerebri.
In the skull the optic commissure rests upon the olivary process
of the sphenoid bone, and from it the second cranial nerves (or optic),
sur rounded by prolongations of the dura mater, pass into the orbits
through the optic foramina and enter the back of the eyeballs (Plate
5, Fig. 2, Nos. 8 and 21), eventually expanding into the retin re. The
ophthalmic arteries accompany the optic nerves through the optic foramina.
The commissure consists of lateral fibres which pass from one optic tract
to the optic nerve of the same side, anterior fibres which pass from one
optic nerve to the other optic nerve, posterior fibres which pass from one
optic tract to th e other optic tract, and middle decussating fibres which
cross from the optic nerve of one side to the optic tract of the other side.
The tube?' cinereuni is the gray prominence behind the optic commis-
sure . This promin ence is the floor of the third ventricle of the brain,
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and from it is projected a red-colored conical tube, the infundibulurn, to
which is attached the pituitary body (P late 5, Fig. 3, No. 20). The
pituitary body is lodged in the sella turcica of the sphenoid bone (P late
12, No. 27), and is difficult to retain in removing the brain from the
skull. It consists of two lobes, the posterior one being originally a pro-
longation downward of the cavity of the third ventricle through the
infundibulum. Usually in later life the cavity in the posterior lobe of
the pituitary body is obliterated. Behind the tuber cinereum are the
corp ora albicantia (Plate 6, Fig. 2, No. 34), which are formed by the
bulbs of the fornix, the fibres of which pass downward, and then, after
twisting in a figure-of-eight manner, pass upward to end in the optic
thalami (Plate 8, Fig. 2, No. 11). P osterior to the corpora albicantia is
a gray depre sion perforated by vessels which supply the optic th alami:
it is called the posterior perfora ted. space. I t is placed between the
diverging crura cerebri and in front of th e pons Varolii. The crura
cerebri consist of longitudinal fibres from the pons Varolii and upper part
of the medulla oblongata, which pass forward and outward to the middle
lobes of the hemisph eres (Plate 6, Fig. 2). Division of one of 'the cru ra
will exhibit in its middl e some dark-colored tissue, called the locus nige1',
which separates the crus into two layers of fibres. The lower layer (the
crusta) consists of coarse fibres arising from the anterior por tion of the
medulla and the pons. The upper lay er (the tegrnenturn) is composed of
fine fibres from the lateral portions of the medulla oblongata and also
from the corresponding crus of the cerebellum. The lower fibres of each
crus cerebri pass chiefly through the corpora striata, and the upp er fibres
through the optic thalami. In th eir passage through th e ganglionic
masses the fibres are gr eatly augm ented, and, branching out, are dis-
tributed to the cortical substance on the surface of the hemispheres.
The thir d. cranial neroes (or oculo-motory appear just in front of the
pons V arolii, issuing from among the fibres on the inner sides of the
crura cerebri (P late 6, Fig. 2, No. 11) . These nerves originate from
yellow nuclei beneath the passage-way between the third and fourth ven-
tri cles (aqueduct of Sylvius) (P late 8, F ig. 1, No. 9), whence they pass
forward through the locus niger and tegmentum in each of the crura, and,
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after passing through the plexus of veins called the cavernous sinus, III
close relation to the internal carotid arteries, enter the orbits by means
of the sphenoidal fissures, to be distributed to the muscles of the eye-
balls, with the exception of the external recti and the superior oblique.
The fourth cranial nerves (or trochlear) (P late 6, Fig. 2, No. 13) wind
round the outer sides of th e crura cerebri, having each originated from
a gray nucleus in the floor of the aqueduct of Sylvius, very near the yellow
nuclei of the third nerves. Their fibres decussate in th e roof of the aque-
duct, called the valve of Vieussens, about the middle line. They enter
the orbi t by the sphenoidal fissure and supply the superior oblique
muscles (Plate 5, Fig. 2, No. 11).
The fifth cranial nerves (or trifacial) appear at the base of the brain,
each issuing in two separate bundles of fibres from the sides of th e pons
Varolii near its anterior border (P late 8, Fig. 2, Nos. 15 and 16). These
nerves are the largest of the cranial nerves, and, owing to their complex
character and important associations, are of the greatest interest. Each
nerve has two distinct roots, and therefore resembles a spinal nerve; the
anterior root is the smaller , consisting of three or four bundles of
fibres, and having motor function, and the posterior the larger, com-
posed of from seventy to one hundred bundles of fibres, and possessed of
sensory function. The motor influences are chiefly confined to the muscles
of mastication, while the sensory branches are distributed throughout the
head and face (P late 53, Fig. 1, No. 19). The two roots of thi s nerve
commence in the upper portion of the medulla oblongata, the sensory
root originating in th e gray tubercle of Rolando, and th e motor root from
a nucleus of large cells closely connected with the posterior cornu of the
medulla wherein the tub ercle is situated. On its way forward the motor
root receives some fibres from the floor of the fourth ventricle and also
from the sides of the aqueduct of Sylvius.
As the two roots issue from the pons V arolii they are separated from
each other by a few of the tran sverse fibres of this body. They proceed
forward on th e apex of the petrous portion of th e temporal bone, where
there is a depression (Plate 3, F ig. 5, No.3) for a semilunar ganglionic
enlargement which occurs here upon the sensory root. This is the Gas·
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serian ganglion (Plate 5, Fig. 2, No. 25), and it furnishes additional resem-
blance to a spinal nerve, being somewhat similar to the ganglia on their
posterior roots (Plate 4, Fig. 2). T he motor root passes beneath the
ganglion, and has no connection with it,-proceeding independently with
the inferior maxillary branch of the sensory root through the foramen
ovale, and after its exit at this foramen blending its fibres with those of
that nerve. From the an terior border of the Gasserian ganglion three
great nerve-trunks are given off,-viz., the ophthalmic nerve, which passes
through the sphenoidal fissure with the third, fourth, and sixth nerves
and the ophthalmic vein, the superior maxilla1'y nerve, which passes
through the foramen rotundum, and the inferior maxilla1'y nerve, which
passes through the foramen ovale, by which the lesser meningeal artery
(Plate 3, Fig. 2) also enters the skull.
The sixth cranial nerues (or abducent) emerge between the pons and
the anterior pyramids of the medulla oblongata (Plate 6, Fig. 2, No. 17),
being connected with both of them. Their deep origins are in the fasciculi
teretes in the floor of the fourth ventricle. They leave the skull by the
sphenoidal fissures, passing between and supplying the two portions of the
external recti muscles of the eyeballs (Plate 5, Fig, 2, No. 13).
The seventh cranial nerves (or facial) have their deep origins in the
floor of the fourth ventricle, whence they pass more superficially than the
sixth nerves, and, bend ing abruptly upon themselves, eI!1erge between the
pons and the restiform tract of the medulla oblongata. They enter the
internal auditory openings in the temporal bones, and, after passing through
the aqueduct of Fallopius (Plate 3, Fig. 5, No.9) and giving off petrosal
branches in their course, pass out by the stylo-mastoid foramina, to be
distributed to the facial muscles.
The eighth cranial nerves (or auditory) also arise from the floor of the
fourth ventricle, and are in close relation with the seventh nerves, a con-
necting link of nerve-tissue (the pm's intermedia of Wrisberg) being
interposed between both of them on each side. On account of this
intimate relation, th e facial and auditory nerves were formerly classified
as two separate portions of th e seventh cranial nerve, and because of
their difference in character the former was called th e p ortio dura and
6
PLAT E 6.
F igure 1.
The upper surface of the brain of a white man about forty-five years of age , In sound condition and norm al In
ge ne ral conformation, si ze, and weight. The ri gh t h emisphere is larger than the left, the longitudinal fissure not being
In the mlddlc of the cerebral mass. The pia mater has been removed to demonstrate th e surface markings.
1. Th e long itudi nal fissur e.
2. The left fron tal lobe.
3. Th e left fissure of Rolando.
4. Th e left parietal lobe.
5. The left call oso-marglnal fissure.
6. The left suprn-margtnal convolution.
7. The left angular convolution (gyrus ).
8. The left occipital lobe.
9. Th e right superior frontal convolution.
10. The r igh t middle frontal convolution.
11. The right Inferior frontal convolution.
12. The righ t asce ndi ng front al co nvolution .
13. The right fissure of Rolando.
14. The rig h t ascending parietal con volution.
15. Th e end of the horizontal br anch of the right fissure
of Sylvlns.
16. The righ t parteto-occlp ltal fissure.
17. The right Inferior occi p ita l convolution.
18. The right middle occ ipi ta l convolution.
19. The right superior occipita l convolntion.
Figure 2.
The under surface of the same brain as In Figure 1, showing th e supe rficia l ori gins of th e cranial nerves. The pia
m ater Is rem oved from th e cerebrum, althou gh reta in ed ove r the cer ebellu m.
1. The longitudinal fissure.
2. The right olfactory convolution.
8. The right orbital convolution.
4. Th e right fron tal lobe.
5. The right olfactory bulb (or first cranial nerve).
6. The right fissure of Sylvlus.
7. The lam ina cin erea .
. Th e right opti c nerve (or second cranial nerve).
9. Th e right temporo-sphenoidul lobe.
10. The right middle tempore-sphenoidal convolution.
11. Th e right oculo-motor nerve (or third cranial nerve).
12. Th e right Inferi or tempore-sphenoidal convolution .
18. The r ight trochlear ner ve (or fourth cranial nerve).
14. The lobu lu s fusi for mis.
15. Th e motor root of th e right trifacial ner ve (or fifth
cranial nerve).
16. The sen sory root of the trlfacinl nerve.
17. The right abducent nerve (or sixth eranial nerve),
18. The right fac ial nerve (or seventh eranlal nerve).
19. The ri ght audttory nerve (or eighth cranial nerve),
20. The right glosso-pharyngeal nerve (or ninth cranial
nerve).
21. The right pneumogastric nerve (or tenth cranial nerve.)
22. The r igh t h ypoglo sal nerve (or tw elfth cranial nerve).
23. Th e right spinal accessory nerve (or eleventh cranial
nerve).
24. The gray substance of the medulla oblongata.
25. Th e right lobe of the cerebellum.
26. Th e left first frontal convolution (gyrus rcetlls ).
27. The left middle frontal convolution .
28. The left third frontal convolution.
29. The left olfactory bulb (or first cr ani a l ne rve),
80. The left fissure of Sylv ius .
31. Th e an terior perforated space .
32. Th e optic com mi u re .
33. Th e pituitary body.
34. The corpo ra albican tia.
35. The left oculo-motor n erve (or th ird cranial nerve).
86. The poste rior perfo rated space.
87. The left t rochlear nerve (or fourth cranial ne rve ).
38. The left t rifacial nerve (or fifth cra nial ne rve).
89. The pons Varolii.
40. Th e left abducent nerve (or six th cranial nerve).
41. The left facia l nerve (or seven th cra nial nerve).
42. The left auditory nerv e (or eigh th crania l nerve).
48. The left glosso-pharyngeal nerve (or ninth cranial
nerve).
44. The left pneumogastric nerve (or tenth cranial nerve].
45. The left olivary body.
46. The left hypoglossal nerve (or twelfth cranial nerve),
47. The left spinal accessory nervc (or cleventh cran ial
nerve).
48. The left occipital lobe of the cerebrum.
49. The left lobe of tho cerebellum.
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the latter the portio. mollie. The auditory nerves commence by fibres
which originate in th e outer and inner auditory nuclei beneath the
acoustic tubercles on each side of the floor of the fourth ventricle, and,
after receiving some fibres from th e transverse strire in this situation,
unite into individual trunks which enter the internal auditory openings
of the temporal bones in company with the facial nerves. Within the
auditory openings these nerves subdivide into cochlear and vestibular
bran ches, which are distributed to the internal ears (page 78).
The ninth cranial nerves (or glosso-pharyngeal) appear on the surface
of the restiform bodies, below the auditory nerves (Plate 6, Fig. 2, No. 20).
The deep origins of th ese nerves are very close to those of the auditory
nerves in the floor of the fourth ventricle. They make their exits from
the cranium by means of the middle compartments of the jugular foramina,
and are dis~ribu ted to the mucous membrane of the pharynx and back of
the tongue (P late 13, Fig. 2, No. 16).
The tenth cranial nerves (or p neum ogastr ic) also appear on the restiform
bodies, in close proximity to th e preceding nerves (Plate 6, Fig. 2, No. 21).
Their fibres of origin arise from special nuclei in the inferior part of the
fourth ventricle, and soon blend together, forming single nerve- trunks
which pass through the jugular foramina and are distributed to the
pharynx, larynx, heart, lun gs, cesophagus, and stomach (Pl ate 36, No. 61,
and Plate 37, No. 32). The pneumogastric nerve is of extreme interest
and importance, and is often called the vagus nerve, from its wandering
course.
The eleventh cranial nerves (or spinal accessory) are each composed
of two separate parts, an upper or accessory part, which arises from
th e medulla below the pneumogastric, and a lower part, which arises
from the spinal cord (Plate 6, Fig. 2, No. 23). The deep origin of the
upper part commences in a special nucleus about the calamus scriptorius
in the fourth ventricle. The spinal part of this nerve is composed of
fibres which originate as low down on the cord as the fifth cervical
vertebra, and it enters the skull at the foramen magnum to join the
accessory part. The combined nerve then passes out of th e jugular
fora men with the pneumogastric and glosso-ph aryngeal nerves, the acces-
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sory portion blending with the pneumogastric, while the spinal portion
(P late 13, Fig. 1, No.8, and P late 21, No. 13) supplies th e sterno-
mastoid and trapezius muscles.
The twelfth cranial nerves (or hypoglossal) appear on the surface of the
medulla oblongata, in the grooves between the olivary bodies and the
anterior pyramids (Plate 6, Fig. 2, No. 46). The special nuclei from
which the fibres of these nerves originate are to be found on the floor
of the fourth ventricle in front of and nearer the middle line than the
nuclei for the pneumogastric nerves. The fibres are formed into two
bundles which pierce the dura mater through separate openings and
afterward combine within the anterior condyloid foramina, their final
distribution being to the muscles of the tongue (P late 13, Fig. 2, No.
19) and the depressor muscles of the hyoid bone and larynx.
It will be noticed that most of the cranial nerves originate in the
neighborhood of the fourth ventricle (or ventricle of th e cerebellum) and
the top of the medulla oblongata. These portions of the brain are there-
fore of the greatest importance. The pons V arolii and the medulla oblon-
gata, which rest upon the basilar portions of th e occipital and sphenoid
bones, have in the natural state interposed between th em and the bone,
as well as between them and the superposed cerebrum and cerebellum, a
quantity of cerebro-spinal fluid which collects in th e anterior and p osterior
eub-araclvnoideasi sp aces. This fluid serves to equalize pressure and affords
resistance to shock, especially from the effects of injury by contre-coup,
The sub-arachnoid space communicates with the ventricular cavities of the
brain by the foramen of Magendie, which is an aperture in the pia mater
closing in the fourth ventricle. The aqueduct of Sylvius connects the
fourth ventricle with the third ventricle at the base of the brain, and
the latt er is connected in front with the lateral ventricles by the foramen
of Monro.
The medulla oblongata (P late 6, Fig. 9, No. 24) is th e upper expanded
extremity of the spinal cord on a level with the lower border of the
foramen magnum. It is a white, pyramidal body, two and one-half
centimetres, or about an inch, in length, and is part ially divided anteri-
orly and posteriorly by median fissures. The anterior median fissure ends
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in the foramen. ccecum. just below the pons Varolii. The posterior median
fissure expands into the floor of the fourth ventricle. E ach half of the
medulla oblongata consists of four longitudinal masses,-viz., the anterior
pyramids, the lateral tracts and olivary bodies, the reetiform bodies, and
the poster ior pymmids. The anterior pyramids increase' in breadth as
they app roach the pons 'V arolii, through which their fibres pass to reach
the crura cerebri. They are continuous with the anterior columns of the
spinal cord, and consist of motor fibres. When the anterior pyramids are
separated at th eir commencement, their inn er nerve-fibres, below the
surface, are readily seen decussating at the bottom of the anterior fissure.
The outer fibres do not decussate, and ascend dir ectly upward. An injury
received upon one side of the brain is followed by loss of motion on the
opposite side of the body (c1'oss-pam lysis ) , which effect is explained by
the decussation of the inner fibres of the medulla which are continuous
with th e fibres of the lateral tracts of the opposite sides.
The lateral tracts are situated on the outer side of the anterior pyra-
mids. The olivary bodies project from the upper part of the lateral tracts,
being separated by a depression from the pons. They are embraced by
the ascending fibres of th e lateral tracts as they diverge on their way to
the pons and restiform bodies. These ascendin g fibres from the lateral
tracts are more or less obscured by the arciform fib res, which loop across
the surface and connect th e anterior pyramids with the restiform bodies.
The roots of the hypoglossal, glosso-pharyngeal, pneumogastri c, and spinal
accessory nerves emerge from the medulla in the immediate vicinity of the
olivary bodies. The olivary nucleus is a layer of gray tissue within the
olivary body upon each side, which presents on section a jagged toothed
appearance, in consequence of which it is also called the corpus denlaium:
The restiforni bodies are the continuation upward of th e posterior columns
of the spinal cord. They diverge toward the cerebellum, constituting
its inferior peduncles, and with the posterior pyramids assist in forming
the lateral boundaries of the fourth ventricle. Gray matter is found in
.
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of the fourth ventricle. The enlargement upon each of the posterior
pyramids at this locality is called the clava, and it contains within it
some gray matter, the nucleus gracilis. From the clava the posterior
pyramid on each side gradually dwindles, its fibres passing to the cere-
brum along the floor of the fourth ventricle and constituting with the
fibres from the adjacent restiform body, which take the same course, the
fasciculi teretes. The transverse stria on the floor of the fourth ventricle,
which form the roots of the auditory nerves, are derived from the arci-
form fibres above described. They are chiefly composed of the fibres
which do not enter the olivary body , but wind round beneath it and over
the restiform body. The decussation of the fibres of the lateral tracts
and the divergence of the restiform bodies and posterior pyramids cause
a change in the arrangement of the gray matter in the upper part of
the medulla oblongata, from the characteristic disposition of the gray
matter in the spinal cord. The anterior cornua of the cord become
separated from the mass of gray matter, owing to the decussation of the
fibres from the lateral tracts, and behind the olivary bodies form the
lateral nuclei. T he rest of the gray matter of the anterior cornua in
th is locality is broken up into an interlacement of fibres, the formaiio
reticularie, by the longitudinal fibres from the lateral tracts being inter-
sected by the deeper set of arciform fibres.
The pons Varolii (Plate 6, Fig. 2, No. 39) is situated just above the
medulla oblongata, and in the skull rests upon the body ~f the sphenoid
bone. I t serves to connect the fibres of the medulla below with the
cerebellum behind it by means of the crura cerebelli, as well as with
the cerebrum above by means of the crura cerebri. The pons is defined
above and below by very prominent margins, the upper margin arching
over the crura cerebri, and the lower one, much less curved, distin-
guishing it from the medulla. A shallow groove in the middle of its
anterior surface accommodates the basilar artery (Plate 11, Fig. 1, No.
15). A section of the pOllS w.ill show that the anterior portion is mainly
composed of ::w'h it~::tNillliV&se: fibres crossed by white longitudinal fibres.
The !~n&i~R~i~a) ~:~~~s: a~f~r~:/!.QPJ-. :~!I!: medulla to pass to the cerebrum,
and ~~~!Wt~h~..prpmillei~.bii.£aai· :side of the anterior surface of the
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pons. The transverse fibres connect the hemispheres of the cerebellu m.
These fibres are arranged in layers having gray matter variously disposed
among them, especially in th e locality of the fourth ventricl e, where
most of th e cranial nerves have their origin.
The cerebellum in th e skull (Plate 5, Fig. 2, N os. 14 and 27)
occupies the inferior occipital fossre, being protected by the tentor ium of
the dura mater from the weight of the overlying posterior lobes of the
cerebrum. It consists of two lateral lobes or hemispheres separated pos-
teriorly by the falx cerebelli of the dura mater and joined anteriorly by
the vermiform. p1'ocess, or central lobe.
The cortical surface, which is darker than that of th e cerebrum, is
arranged in parallel curved folds, with intervening fissures which vary
in depth from the centre and subdivide the surface into lobules. There
are four lobules on each hemisphere, the marqinal lobule, the lobulus
gracilis, the cuneiform or d1~gastric lobule, and the amygdala or tonsil
lobule. The horizontal fissure separates the upper and lower surfaces
of each hemisphere of the cerebellum . The space between the two
hemispheres below is called tl~e valley. The upper surface consists of
the expanded middle lobe, which is here designated the sup erior vermis.
In front there is a notch into which the optic lobes are received, the surface
overlapping the superior peduncles of the cerebellum and th e valve"of
Vieussens. Behind them is another notch, into which the internal occipital
protuberance projects. The sup erior vermis is subdivided into four parts,
The central lobule stands out prominently in front; beneath thi s and over
the valve of Vieussens is the lingula, a flattened transverse lamella, with
small ridges extending into it from the crura cerebelli, the frtenula.
.Behind the central lobule is the monticulus cerebelli, and posteriorly is
the smaller portion called the commissura simplex.
The lamellre constituting the monticulus continue into the quadrilaieral
lobules on each side, and those which form the commissura pass to the
posterior or crescentic lobules. The inferior vermis can best be seen after
removing the amygdalce. It consists of three portions,-the pyramid, the
uvula, and the nodulus. At the anterior part of the under surface is the
sub-peduncular lobule, or flocculus. P assing from th e nodulus to the floc-
PLATE 7.
Figure t.
Th e convolutions and fissures on th e extern al su rface of the right hemisphere. (Of same brain as In Plate 6.)
1. Th c fissure of Rolando.
2. Th e ascendi ng pari etal convolution.
3. The superior pa rie tal convolution.
4. The ca lloso-margtna l fissure.
5. Th e In ter- pn rfetn l fissure .
6. The inferior par ieta l convolu tion .
7. The a ng ul a r convolu tio n.
8. Th e occl p tto-pa r te tul fissure.
9. Th e su perio r occ ipi ta l co nvo lut ton,
10. Th e m iddl e occ ipital co nvolution .
11. Th e inferior occi pital convolu tion.
12. Th e transverse fissure (of Blehat).
13. The r ight lobe of the cerebell um.
14. Th e asce ndi ng frontal con volu tio n.
15. Th e supe rio r frontal co nvol ut ion.
16. Th e poste rior frontal fissure.
17. Th e mi dd le frontal convolution .
18. Th e hori zon tal br an ch of th e fissure of Sylvlus.
19. Th e Inferior fron tal con volution.
20. Th e ascending branch of the fissure of Sy lv lus,
21. Th e superior tempora l con volution.
22. Th e fissure of Sylvius.
23. The mi ddl e temporal convo lution.
24. Th e infer ior tem poral convo lu tio n.
25. Th e pon s Var olii.
26. The medulla obl ongata.
Figure 2.
The convolutions and fissures on the external surface of the left hemisphere. (Of same brain as In Plate 6.)
1. The fissure of Rolan do.
2. Th e ascen d ing frontal convolution .
3. The su perior frontal convolution.
4. Th e pos ter io r frontal fissure.
5. The mi dd le frontal convolution .
6. The ho rizontal bran ch of the fissure of Sylvius.
7. Th e centra l lobe, seen on this side ex ternally, in the
fork of th e fissure of Sylvius,
8. The ascending bra nch of th e fissu re of Syl\·lus.
9. Th e in feri or frontal convolutio n.
10. Th e su perio r temporal con volu tion .
11. The m iddle temporal convolu tion .
12. The fissure of Sylvius,
13. The optic nerve.
14. Th e inferior temp oral convoluti on.
15. Th e pon s Varolii.
16. Th e med ull a obl ongata.
17. Th e call ose-m ar ginal fissure.
18. Th e asc en d ing pa rietal convolu tion.
19. Annectant con volu tio ns.
20. Th e inter-parietal fissure.
21. The occ ipito-pa r ietal fissure.
22. Th e angular convolutio n.
23. The superio r occi pita l convolution.
24. Th e middle occi pital convolu tio n.
25. Th e Inferi or occipital convolution .
26. Th e transverse fissure.
27. The left lobe of the cerebellum.
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culus is a thin valve-like fold of white matter, which is called the posterior
rnedttllm'Y velum. This velum as it passes from the cerebellum becomes a
very delicate layer of tissue covered with pia mater, and closes in th e fourth
ventricle. A longitudinal section of one of the hemispheres (P late 11,
Fig. 3, and Plate 12) will disclose a mass of white substance with radiati ng
branches upon which the gray cortical substance is infolded. This is the
a~bor vit ro of the cerebellum (Plate 8, Fig. 1, No. 12). The whi te sub-
stance of each hemisphere contains in its centre a nucleus of gray matter,
the corpus dentatum.
The function of the cerebellum has been concluded from ph ysiological
observations to be the co-ordination of muscular movements. As above
described, the cerebellum is connected with the medulla oblongata by the
fibres which ascend from the restiform tracts and constitute th e inferior
p eduncles, or inferior crura. The lateral parts of the pons Varolii are
the middle p eduncles, or rniddle crura, of the cerebellum; and its superior
p eduncles, or superior crura , are the fibres which connect it with the cere-
brum. The innermost fibres of the superior peduncles decussate beneath
the corpora quadrigemina, so that some fibres from one half of the cerebrum
are continued into the opposite half of the cerebellum. Many of these
fibres have been traced into the corpora dentata. Each of the superior
peduncles (processus e cerebello ad testes) forms the upp er part of the
lateral boundary of the fourth ventricle, and is connected with its opposite
fellow by means of the valve of Vieussens, or superior medullm'Y velum.
The valve is a thin layer of gray matter which forms the upper wall or
roof of the important fourth ventricle (P late 8, Fig. 2, No. 25).
The f ourth ventricle is the space between the cerebellum and the
posterior surfaces of the medulla oblongata and the pons V arolii. U pon
vertical section (P late 8, Fig. 1, No. 10) it appears triangular in shape.
This subdivision of the general ventricular cavity is the first part of the
primordial central canal formed in the foetus. As just state d, the fourth
ventricle is roofed over by the valve of Vieussens, bounded on each side
by the superior peduncles of the cerebellum, and behind by the diverging
posterior pyramids and restiform bodies.
Inferiorly th e arachnoid membrane is continued on to the posterior
7
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surface of the spinal cord, an aperture usually existing here, called the
fo ram en. of lJIagendie, by which the ventricle communicates with the sub-
arachnoidean space. A median furrow exists in the floor of this ventri cle,
which begins below in a pit (the ventricle of .Aran tius) and ends in the
aqueduct of Sylvius. The divergence of the inferior cerebellar pedun cles
from this median furrow constitu tes a resemblance to the poin t of a quill
pen, and forms the calamus scrip torius of the old anatomists. The obex is
an arching .fold of tissue hanging over the apex of the calamus scriptorius.
On each side of the median furrow are longitudinal eminences, the f asciculi
teretes, which are crossed by the transverse stria: (or stria: acoustiem) toward
the posterior part of the ventricle. Externally to the fasciculus teres on
each side is a shallow groove which terminates below in a depression, the
fovea posterior, within which is the cinereous eminence. The f ovea anterior
is another depression in this groove, opposite the widest part of the
ventr icle. The audit01'y eminences are 011 each side between the foveee,
These are crossed by the above-mentioned stria: acoueiicce. The locus
cceruleus is the name given to a variable bluish-gray nucl eus in the upper
angle of the ventricle. Besides these objects on the floor of the fourth
ventricle there are the nuclei of the cranial nerves which originate here.
The pia mater (velum inte1']Jositum) , lining the fourth ventricle, is con-
tinued in to the third ventricle by the aqu educt of Sylvius (or iter a
tertia ad quartum. vent1·iculum) . The aqueduct is about half an inch
long, and contains in its walls a large amount of gray matter, in which
are the nuclei for the third, fourth, and upper part of the fifth cranial
nerves. In front of and above the aqueduct of Sylvius are two pairs
of bodies,- the 'corp ora q1tadrigem,ina (Plate 8, Fig. 2, No. 24), or
more properly the optic lobes, as they give origin to the opt ic nerves.
They are relatively smaller in man, although their size in most an imals
bears relation to the power of sight. In birds there is only one pair of
optic lobes; in th e early stage of th e human embryo there is only
one pair also, but about the seventh month of festal life this pair is sub-
divided in to two by a transverse groove. The posterior pair are the
smalle t, and are called the testes ; the anterior pair, the nates, are
larger and of a darker color. I mmediately in front of the nates is situ-
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ated a very vascular cone-shaped body,-the conarium, or p ineal gland.
It is about the size of a cherry-stone, and consists of many small follicles
containing cells. These cells have a gri tty substance within them (acervu-
lus ce1'ebri ) consisting of carbonate of calcium and phosphate of calcium
and of magnesium. This curious little body is larger in the child and in
the adult female than in the adult male. I ts function is unknown, but
in birds is supposed to be associated with their homing instinct. The
pineal gland is connect~d with the cerebrum by two white bands or crura
(the p eduncles of the pineal gland) which extend forward upon the inner
sides of the optic thalami in the lateral walls of the third ventri cle.
The third ventricle is the narrow oblong fissure into which the aque-
duct of Sylvius, which passes beneath the corpora quadrigemina, opens
anteriorly. Its floor is formed by the parts within the inter-peduncular
space at the base of the brain,-viz., the posterior perforated space, the
corpora albicantia, the tuber cinereum, the infundibulum, and the lamina
cinerea (Plates 6 and 8) . The velum interpositum is stretched across
above, and with the fornix, the arching layer of white matter beneath the
corpus callosum, forms the roof of th e third ventricle.
The cavity of this ventricl e is crossed by three commissural bands.
The posterior commissure is just in front of the pineal gland, and is com-
posed of white fibres which serve to connect the optic thalami. . The
'middle or soft commissure is about half an inch broad, composed of gray
matter, and also serves to connect the optic thalami. It is not always
found even upon careful examination. The anterior commissure is a round
white cord in the fore part of the cavity of the ventricle, the fibres of which
pass through the adjacent corpora striata and extend into the temporo-
sphenoidal lobes of the cerebrum. Just behind th e anterior commissure
is the f oramen of 11£011,1·0, an aperture leading into a short passage which
soon branches after the manner of th e letter Y, thus affordin g a com-
munication between th e third ventri cle and the two lateral ventri cles, by
which th e choroid plexuses of opposite sides are joined. The velum in-
terposiiuni is a duplica ture of the pia mater which is projected into the
ventricular cavity of the cerebrum through the breach between its posterior
lobes and the cerebellum (the transverse fissure of Bichat, Plate 8, Fig.
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2, No. 22). Its shape corresponds to that of the fornix, its projecting
borders being the convoluted fringes called the choroid plexuses (P late
11, Fig. 2, Nos. 8 and 19). These plexuses consist of .minute arteries
and veins in connective tissue. In the centre of the velum, are two
large veins (the uetuz Galeni) which convey the blood from the great
cerebral ganglia into the straight sinus (Plate 4, Fig. 1, No.9).
The ganglionic masses at the base of the brain consist of two pairs.
The anterior are called, from their internal arrangement of alternate white
and gray layers, the corpora striata. The posterior are the optic thalami,
which are oval, elevated masses placed on each side of the third ventricle,
and, embracing the crura cerebri, project portions of their upper surfaces
in the floors of the lateral ventricles. They are exposed by removing the
choroid plexuses. They are composed of gray substance covered with a
superficial thin layer of white ~issue. The upper surface of each thalamus
is subdivided by an oblique groove into an anterior tubercle and a posterior
tubercle, or pulvinar. Beneath and behind the optic thalami on each side
are two small gray eminences, known as the c01']Jora geniculata, iniernum:
and externum according to their position. They are in relation to the
roots of the optic tract (the brachia), and are connected posteriorly by
white bands with the corresponding corpora quadrigemina.
The inner margins of the optic thalami are covered by the choroid
plexuses, which separate them from the fornix, which is the layer of white
matter arching over the inter-thalamic region and enclosing the third
ventricle.
The fornix consists of a triangular central portion, the body, the
broadest part of which is posterior to and closely connected with the
corpus callosum, and anterior and posterior prolongations, known as the
pillars or crura of the fornix. The posterior pillars descend from the
outer angles of the body into the middle cornua of the lateral ventricles,
constituting the hippocampi majores and terminating in the pes hipp ocamp i.
In their course they are in contact with the pulvinar of the optic thalamus
on each side. The anterior pillars curve downward from the front of
the body of the fornix, leaving the corpus callosum about the position of
the foramen of Monro in th e floor of the third ventricle, and, receIvmg
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the peduncl es of the pineal gland and fibres from the trenia and septum
lucidum, pass to the base of the brain, their component fibres twisting in a
figure-of-eight manner and returning upward and backward into the fore
portions of the optic thalami. The cur ve which the fibres of each anter ior
pillar take at the base of the brain forms the C01pUS albicans of that side,
as has been previously stated in the view of that region.
On the portion of the under surface of the fornix which rests on the
velum interpositum th ere ar e some transverse fibres which pass from
the corpus callosum and form the lyra.
The septum lucidum (P late 8, Fig. 2, No.6) is a delicate, almost trans-
lucent, vertical par tition extending from the front of the fornix, where it
bends downward, and attached above and below to th e und er surface of the
corpus callosum. It consists of two layers, gray on th e inside and white
without, and the space between th em is called the fifth ventricle. This
septum serves to divide the upper ventricular space within th e hemi-
spheres of the cerebrum into the 'right and left lateral uenirioles: In
cases of serous effusion within the general ventricular cavity of the brain
the septum is often ruptured and free communication exists from side
to side.
The lateral ventric lee (P late 11) are semilunar in sha pe, and consist of
a central part, or body, and anterior, middle, and posterior cornua, which
extend respectively into the fron tal, temporo-sphenoidal, and occipital lobes.
The floor of the central portion of either of the lateral ventricles presents
many objects of interest, which have the following relative positions.
P osteriorly the margin of the posterior pillar of the fornix (the corpus
fi mbriatU1n) appears as a white cord accompanying the hippocampus major
and sometimes called on this account the lamia hippocampi. In front of
this is th e choroid plexus, which usually extends so far forward into th e
cavity that very little of the subjacent optic thalamus is seen unl ess it is
purposely uncovered. Beyond th e thalamus, and separating it from the
caudate portion of the corpus striatum, or anterior ganglionic mass, is the
white band called from its course the tcenia eemicircularis. The trenia
descends anteriorly in connection with the anterior pillar of the fornix,
and blends with the fibres composing the corpus albicans, as previously
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described . Posteriorly it passes into the middle cornu of the lateral
ventricle, apparently losing itself in the white substance in that cavity,
but eventually terminating in the gray mass, the nucleus amygdalm.
Owing to the upper surface of the trenia being somewhat harder than
its deeper part, it was called by Tarinus the horny band.
In the fore part of the centre of the lateral ventricle is seen the intra-
ventricular portion of the corpus striatum. (Plate 11, Fig. 2; No. 15). This
ganglionic centre is best understood by making a horizontal section through
it from the trenia semieircularis outward, where it appears to consist of five
parts. The intra-ventricular portion, or the caudate nucleus, of the corpus
striatum, above mentioned, is a gray, pear-shaped mass, the broad part of
which is directed forward into the lateral ventricle, and its narrow end,
the tailor surcingle, is continued into the middle cornu as far as the
nucleus amygdalre . The surface of the caudate nucleus in the recent state
is covered with a plexus of veins which empty into the vente Galeni. The
extra-ventricular portion or lenticular nucleus (Plate 11, Fig. 1, No.6) of
the corpus striatum is the largest, and is lodged within the white substance
of the hemisphere, being separated from the caudate nucleus by a layer
of white matter, the internal capsule (Plate 11, Fig. 1, No. 12).
On the external surface of the lenticular nucleus is another layer of
white tissue, the external capsule (Plate 11, Fig. 1, No. 30), which again
separates this portion from a thin layer of gray matter, the claustrum.
External to the latter is the white matter which is subjacent to the central
lobe, or island of Reil, the claustrum being formed by a portion of the
under surface of the convolutions of the latter turned inward.
A. vertical transverse section of the lenticular nucleus demonstrates
that it is composed of three smaller nuclei, the inner one gray, the
middle dark yellow, and the outer of a reddish color. These parts are
separated by layers of fibres which originate in the convolutions of the
operculum. The nucleus amygdalm underlies the corpus striatum, and is
in relation with the tail of the caudate nucleus, being continuous with
the deep-seated cortex of the temporal lobe. The caudate and lenticular
nuclei are united by many gray strire, which cross the internal capsule
and give to the mass the peculiar striation to which it owes its name.
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The internal capsule consists of white fibres passing between the caudate
nucleus and the thalamus opticus and the lenticular nucleus. Its anterior
portion, or caudo-lenticular limb, is composed of fibres from the frontal
lobe, and its posterior portion, or thalamo-lenticular limb, consists of
motor fibres from the operculum on their way through the crusta of the
crus cerebri to the anterior pyramid of the medulla oblongata. Fibres
from the temporal and occipital lobes also compose the extreme end of
the ihalamo-leniicular limb, passing through the crus cerebri and pons
to the cerebellum. There are also fibres passing from the cortex to the
thalamus and to the gray matter in the pons. These fibres diverge above
the caudate nucleus and intermingle with th e fibres of the corpus callosum.
The external capsule is thinner than the internal, with which it is con-
tinuous behind. It consists of white fibres in connection with th e clau -
trum derived from the crus cerebri and the anterior commissure of the
third ventricle.
The posterior cornua (or digital cavities) of the lateral ventricles
are not always equally developed in both hemispheres, and th ey are
sometimes absent. They usually curve backward into the substance of
the occipital lobes. In the floor of each posterior cornu is a claw-shaped
eminence, the hippocampus minor, which is also known as the calcar,
because it is produced by the infolding of the contiguous convolutions of
the calcarine fissure. Between the posterior and middle cornua th ere is
a smooth mass of variable 'size, the eminentia collateralis (or the p es acces-
sor'ius), formed by the inward protrusion of the collateral fissure. The
middle or descending cornua are the largest of the prolongations of the
cavity of the lateral ventricles. They pa s downward into the temporo-
sphenoidal lobes toward the -base of the brain, making remarkable curves
backward, outward, and downward round the backs of the optic tha lami,
and forward and inward round the crura cerebri, resembling somewhat
the horns of a ram, and hence are also known as the cornua Am-
moms. They terminate in close proximity to the fissures of Sylvius.
Continuous with the hippocampus minor, from the posterior cornu on
each side, is a long, white, rounded eminence which follows th e curve
of the middle cornu and occupies the principal part of its cavity, the
PLATE 8.
Figure 1.
Th e convolutions and fissures of th e Inner surface of the left hemisphere of th e cerebru m, and median sectio n
through th e base of th e brain, cerebellum, pons Varolll, and medulla oblon gat a. (From same brain as in Plates 6 an d 7.)
1. Th e ascending frontal convolution.
2. Th e fissure of Rolando.
3. Th e asce ndi ng pari etal convolution.
4. Th e prtecun eus, or quadrate lobe.
5. The pari eto-occtpttal fissure.
6. Th e cuneus, or cunea te lobe.
7. The calcarine fissu re.
8. The corpora quadrlgemt na.
9. The aqueduct of Sylvius, lend ing from the third to the
fourth ventricle.
10. The fou rth ventricle.
11. The tran sverse fissure.
12. The arbor vit roof the cerebellum.
13. The left lobe of the cerebellum.
14. The supe rior frontal convolution.
15. The callosa -margina l fissure.
16. The Iornlcate convolutio n.
17. Th e corpus callosum.
18. Th e anterior bend of th e call oso-margtnal fissure.
19. Th e septum lu cidum.
20. Th e fornix.
21. The th alam us opticus.
22. Th e Inferior front al convolution.
23. Th e corpus albicnns.
24. The optic ne rve.
25. The fI ur e of Sylvl us,
26. The motor oculi nerve,
27. Th c pons Var olil.
28. Th e temporo-sph en oldal Iobe.
29. The medulla oblonga ta.
Figure 2 .
Th e convolutions and fissures of the Inner surface of the right hemisphere of the cerebrum , and median section
through the base of th e brai n, cerebellum, pons Varolll, and medulla oblonga ta. (From same brain as in Pla tes 6 an d 7.;
1. The supe rio r fron tal convolution.
2. Th e cal loso-margtnal fissure.
3. Th e middle front al convolution .
4. Th e forn icate convolutton.
5. Th e corpu s callosum .
6. The septum lu cidum.
7. Th e fornix.
8. Th e anterior plll ar of the fornix.
9. Th e optic th alamus.
10. Th e luferior frontal convolu tion.
11. Th e corpu s nlbi caus,
12. Th e optic nerve.
13. The motor oculi nerve.
H. Th e pons Varolll.
15. Th e medulla oblongata.
16. The fissure of Rolando.
17. Th e calloso-ma rglna l fissure.
18. Th e qn adrate lobe.
19. Th e corpu s callosum.
20. Th c parteto -occlpltal fissur e.
21. The cun eate lobe,
22. Th e velum Iuterp ositum.
23. The calcarin e fissure.
24. The corpora quudrlgeml na.
25. The valve of Vieussens,
26. The great transverse flssure.
27. The fourth ventricle .
28. The arbor vlteeof lhe cerebellum.
29. The right lobe of the cerebellum.
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hippocampus major. This body is formed by the reduplication of the
hippocampal convolution. Extending along its upper margin is the tamia
hippocampi, or white band continuous with the posterior pillar of the
fornix, as previously described. At the lower extremity of the hippo-
campus major there are four or five small elevations with intervening
depressions, producing a fancied likeness .to the paw of an animal, and
hence called the pes hippocampi. Along the inner border of the hippo-
campus major about the hippocampal fissure (which is really the lateral
part of the transverse fissure) there is an edge composed of white fibres
from the fornix (corpus fimbriatum) passing to the uncinate gyrus. Here
there is a notched ridge of gray matter, the fascia dentata, which derives
its name from the arrangement of the choroid arteries as they pass
through the dentate fissure into the middle cornu. The anterior cornua
of the lateral ventricles curve outward from each other into the substance
of the frontal lobes round the caudate nucleus of the corpus striatum.
The general roof of the lateral ventricles is formed by the corpus
callosum, which, owing to its being formed of white transverse fibres
extending between the hemispheres, is called the great transverse commis-
sure of the cerebrum. The corpus callosum (Plate 8, Fig. 2, No.5) is
thicker and broader at its back part, the splenium, which is in relation
with the transverse fissure where the pia mater enters the ventricles. It
arches forward over the ventricular cavity, ten centimetres, or about four
inches, in length, and anteriorly bends downward and backward, forming
the genu. The lowest part of the bend is called the rostrum. (or beak),
and terminates in the two peduncles of the corpus callosum, they severally
disappearing in the fissures of Sylvius, Upon the upper surface of the
corpus callosum there is a middle groove, or raphe, and, in the recent
state, on each side of this groove are readily distinguished two white
longihtdinal stria; called the nerves of Lancisi. Parallel and external
to these are other fibres, the lateral siru». The anterior cerebral arteries
pl'~ceed from before backward on the upper surface, and are here called
the arteries of the corpus callosum (Plate 4, Fig. 1, No. 16). On its
external borders the corpus callosum is overlapped on each side by the
gyri fornicati (Plate 8). The borders themselves are known as the labia
8
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cerebri , and the spaces between them and the commissure are the ven-
tricles of the corp us callosum, If a section through th e brain is made,
either vertically or horizontally, the white matter' is spotted with dots
(the puncta vasculosa), due to the escape of blood from the severed ves-
sels of the medullary substance (Plate 11, Fig. 2, No. 13) .
The medullary substance of the cerebrum consists of fine white fibres,
which may be described as longitudinal, transverse, and diverging fibres.
The longitudinal fibres compose the fornix, the strire longitudinales, the
trenire semicirculares, the gyri fornicati, the gyri uncinati, and the
peduncles of the pineal gland. The tramsueree fibr es connect the two
hemispheres, and are found in the corpus callosum and the anterior and
posterior commissures. The div erging (or .p eduncuuw ) fibree are derived
partly from th e crusta and partly from the tegmenta of th e crura cerebri,
having originated in the cord and medulla oblongata. Those from the
crusta are derived mainly from the anterior pyramids of the medulla,
receiving en route through the crusta fibres from the gray walls of the
aquedu ct of Sylvius and the locus niger, and pass forward and outward
to the internal capsule between the caudate and lenticular nuclei on each
side. They distribute fibres to the nuclei of the corpora striata and
receive others from them, and after issuing from th e capsule radiate in
all directions toward the cortical surface of the cerebrum , forming the
corona radiata. Many of the fibres of the crusta have been traced directly
through the internal capsule to the cortex . The so-called pyramidal tract
is composed of such fibres passing to the gray .surface-matter of the
ascending frontal and parietal convolutions in th e neighborhood of the
fissure of Rolando. Some bundl es of the fibres on the outer portion of
the crusta have been traced into the occipital convolutions of the hemi-
spheres, and are known as the di1'ect sens01'y tracts. The fibres from the
tegmenta are derived from the reticular formation of th e medulla oblon-
gata, and are joined by fibres from the superior and middl e peduncles of
the cerebellum, and by fibres from the corpora quadrigemina, terminating
apparently in the sub-thalamic region and the optic thalami. Many
fibres from th e external por tions of the optic thalami have been traced
radiating into the temporo-spheuoidal and occipital lobes. They constitute
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the radiatio thalami. Besides these there are arcuate or association. fibres,
which bring adjacent convolut~ons into communication.
Much patient and critical study has been given to the unravelling
of the fibres of the medullary structure of the cerebro-spinal system by
anatomists. Briefly stated, the conclusions drawn from their observations
establish that there are three sets of nerve-centres, and three sets of nerve-
fibres through which impressions are transmitted to and from the periphery
and to and from the gray cortical surface of the hemispheres. The nerve-
centres are the gray matter of the cord and medulla oblongata, the optic
thalami and corpora striata, and the cortical surface of the convolutions.
The nerve-fibres are those which connect the periphery with " the gray
matter of the cord and medulla, those which connect the gray matter of
the cord and medulla with the basal ganglionic centres, the optic thalami,
and the corpora striata, and those which bring these centres into relation
with the cortical surface of the convolutions. The precise function of
the basal ganglionic centres is unknown, but from their relations as
above described it may be "inferred that the corpora striata are connected
with motion, and that the optic thalami are connected with sensation. In
both there is crossed action ; and the above inference is further empha-
sized by clinical and pathological data, as well as by physiological ex-
periments.
Apoplexy attended by hemorrhage of one of the lenticulo-striate
arteries into the substance of either of the corpora striata is followed by
paralysis of motion of the opposite side of the body, without loss of sensa-
tion; and similar involvement of either of the optic thalami is followed
by loss of sensation in the opposite side, without diminution of power of
motion.
The approximate topographical relation of the anterior limit of the
corpora striata to the external surface of the head may be indicated by
drawing a line on each side from the stephanion to the pterion (Plate
2, Fig. 1). The same relative bearing which the optic thalami, within
the head, probably hold may be mapped out by an anterior vertical line
drawn from the bregma to the external auditory opening on each side,
and a posterior vertical line drawn from the parietal eminence to the
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aster ion (Plate 2, Fig. 1). A line drawn from the ophryon backward
on the side of the head to the occiput, through the asterion, will indicate
the position of the lateral ventricle, its anterior limitation corresponding
to a line from the stephanion to the pterion , and its posterior limi tation to
a line from th e parietal eminence to the asterion, as above descri bed.
The opera tion of tr ephining for tapping the ventricles for intra-cranial
hemorrhage is very hazardous, and requires careful consideration of the
position of the corpus striatum and optic thalamus and their relations to the
highl y vascular region of the Sylvian fossa and island of R eil, where the
cortical vessels are large and near th eir origin from the middle cerebral
and in ternal carotid arteries. If the procedure is attempted, in order to
avoid this importan t area th e best position for the application of the
trephine will be on a line drawn from the ophryon to the lambda, and
midway between the external auditory opening and the asterion. This
will expose the tempore -sph enoidal lobe about the junction of the middle
and inferior tempore -sphenoidal convolutions. A fine trocar passed in a
direction forward and obliquely downward will (in the adult) reach the
corresponding lateral ventricle. If the ventricle be distended with blood
its walls will be reach ed two and half centimetres, or about an inch, from
the surface. In two instances within the author's experience where ex-
plorat ory tapping was practised, although no benefit was derived from the
opera tion, no ill effects were noticed, and the autopsies revealed no injury
to the medullary substance even upon microscopic examination.
THE REGION OF THE EAR.
The ear (auris), or organ of hearing, consists of two accesso1'Y
portions, the pinna, or auricle, for the purpose of collecting and con-
verging the aerial vibrations to the external meatus, which conducts them
to the middle ear, or tyrnpanUln, and the essential portion, the internal
em', or labyrinth, where the sensation of sound is produced by their ulti-
mate impression upon the audi tory nerve.
The pinna , or auricle (P late 17), projects from the side of the
head, being movably attached to the external auditory opening of the
